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Physical Examinations for Executives 


LEO WADE, M.D., New York 


Introduction 

Three kinds of activity are basic in any 
adequate occupational health program: first, 
the elimination or control of potential en- 
vironmental hazards; second, the proper 
placement of workers in jobs compatible 
with their health resources; third, the peri- 
odic medical examination of workers to 
assure their continued good health. The 
reasonableness and importance of these 
activities are obvious to almost everyone 
wherever the possibility of injury of the 
worker from toxic substances or trauma 
exists and wherever manual dexterity or 
sheer physical strength are required to per- 
form the assigned tasks. Implementation 
and administration of such a program is not 
difficult, since most of the hazards and the 
resultant disturbances of bodily function are 
well documented. 

Increasingly large numbers of workers, 
and this includes management and executive 
personnel, work in optimally ventilated, 
lighted, and furnished offices, where they 
come in contact with nothing more toxic than 
paper and are rarely called upon to exert 
any more physical effort than that required 
to carry an attaché case. What, if any, are 
the occupational hazards encountered by 
such workers? What are the health factors 
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to be considered in their proper placement? 
What evidences of health impairment should 
one seek on periodic medical check-ups? 
Time will not permit a detailed discussion 
of these several questions. So far as I per- 
sonally am concerned, however, answers to 
these questions are not available. If there 
are health hazards in the “executive” en- 
vironment, then the so-called “executive” 
health examination is a legitimate part of 
occupational medicine. If there are no such 
health hazards, then the “executive” health 
examination, particularly when it is not job- 
related, tends to become a fringe benefit. It 
is so conceived by many managers and 
physicians at this time. 

Something akin to an industrial hygiene 
survey of the working environment of man- 
agement is needed. Such a survey would 
undoubtedly center about interpersonal rela- 
tions, competition within groups, ambitions, 
anxieties, etc. Techniques, properly trained 
personnel, and opportunities for such sur- 
veys are not available. It is necessary, there- 
fore, to look to careful studies of the health 
status, morbidity, and mortality of manage- 
ment personnel for some clues. A number 
of efforts in this direction have been made, 
but all such studies seem inconclusive for 
a number of reasons. 

There is no agreement, for example, as 
to who is to be included in a survey of 
management personnel. Published reports 
suffer from a lack of control data. But what 
sorts of employees could one reasonably use 
as controls? There has been great emphasis 
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by some upon “stress” diseases, but these 
are not peculiar to managers. Stressful situ- 
ations arise in all kinds of employment and 
usually more frequently in the personal lives 
of workers. Then, too, stress may result 
from the ineptitude of the worker or from 
his failure to view his job in proper per- 
spective with his home and family life. 
Most published surveys of management 
health are essentially tabulations of medical 
diagnoses. There may be honest differences 
of opinion among competent physicians as to 
the accuracy of individual diagnoses. The 
number and nature of the diseases tabulated 
will depend upon many factors, including 
the interests and training of the examining 
physician as well as the time and facilities 
available to him and to the manager for the 
examination. The diagnoses may have little 
or no significance unless impairment of 
ordinary activity essential to the usual ac- 
tivities of the patient has resulted or may be 
reasonably anticipated in the near future. 
Evaluation of the consequences of disease 
is highly subjective and usually requires a 
knowledge on the part of the physician of 
the manager as a person both on and off the 
job. To add such evaluations of persons in 
an attempt to measure the health status of 
managers or executives as a group presents 
great, and possibly insuperable, difficulties. 


Source of Data 


I have some data which suffer from many 
of the shortcomings enumerated. These data 
suggest to me, however, that the alarm 
sounded by some concerning alleged health 
hazards intrinsic in the management profes- 
sion is probably not justifiable. 

The health status of two groups of em- 
ployees (176 men in each) has been ex- 
amined from two points of view. The first 
group is labeled “management” or “execu- 
tive” purely on the basis of personnel classi- 
fication data. The second group is labeled 
“control” and was chosen at random from 
the remaining employees on the basis of age 
alone. These two groups are not as clearly 
defined as one would wish. Most of the 
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management group was recruited from the 
control group of years gone by. It is prob- 
able that the management group of the future 
will be largely obtained from the present 
control group. The first analysis is an effort 
to evaluate any recognizable impairment of 
the usual daily activities secondary to dis- 
ease, while the second is merely the usual 
tabulation of the incidence of diagnosable 
disease among the two groups. 

The data were obtained from a review of 
the medical records of 352 men working in 
the headquarters office. Each man has been 
examined two or more times by one of three 
Board-certified internists who work on a 
full-time basis in the Medical Department. 
The extent of individual examinations was 
left entirely to the discretion of the individ- 
ual doctors. Readily available to them were 
the usual clinical and laboratory examina- 
tions of blood, urine, and stool. X-ray 
studies, electrocardiography, ballistocardiog- 
raphy, basal metabolic tests, proctoscopy, 
and sigmoidoscopy were also available with- 
in the department. Consultation with other 
specialists, such as otolaryngologists, derma- 
tologists, psychiatrists, surgeons, urologists, 
etc., could be obtained as the examining 
physician thought desirable, without cost to 
the employee. 

In spite of lack of regimentation of the 
examining physicians, certain procedures 
have become fairly routine. They are as 
follows: (1) a detailed history emphasizing 
the occupational and social factors; (2) a 
careful complete physical examination of the 
disrobed patient, including digital rectal ex- 
amination; (3) red blood cell count, hemo- 
globin, white blood cell count, sedimentation 
rate, and packed cell volume; (4) urine 
examination, including microscopic examina- 
tion of the sediment; (5) stool for ocult 
blood; (6) electrocardiogram, and (7) x-ray 
examination of the chest. 

Frequent, but by no means routine, fur- 
ther examinations included gastrointestinal 
x-ray series and gallbladder series; proc- 
toscopy and sigmoidoscopy, especially on 
those men over 40 years of age or anyone 
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PHYSICAL EXAMINATIONS FOR EXECUTIVES 


TABLE 1.—The Prevalence dhe Disease Among t Executive and Control Groups 


Number of Employees 


No disease 4 5 s 6 
isease 20 19 41 41 35 
No disability 18 19 41 38 23 
Disability 2 0 0 3 7 
Unknown 1 1 1 3 1 
Total 25 5 50 9 


No disease 
D 


isease 

No disability 

Disability 
Unknown 
Total 


1 1 1 

32 23 30 24 
31 21 22 16 
1 7 8 8 
0 4 2 4 
33 33 29 


Per Cent of Employees 


Entire Group Examined 


E Ct 
9.7 11.4 10.3 11.8 
84.0 84.6 89.7 88.2 
70.4 73.8 75.2 76.9 
13.6 10.8 14.5 11.2 
6.3 4.0 
00.00 100.00 


“executive” group. 
+ C = “control”’ group. 


having blood in the stool; ballistocardiog- 
raphy; exercise tolerance test; protein-bound 
iodine; blood cholesterol, and cystoscopy. 
These additional tests were chosen on the 
basis of the examining physician’s findings 
on the more or less routine part of the ex- 
amination. 
Findings 

In Table 1 are tabulated the numbers of 
employees of the several age groupings ac- 
cording to the presence or absence of diag- 
nosable disease. As in most such tabulations, 
there is a definite preponderance of persons 
in the age groups known to have evidences 
of degenerative disease. It is not surprising, 
therefore, that roughly 90% of the persons 
had evidences of disease. Yet only 10% 
to 15% of the group had disability of any 
degree (usually very minor) for ordinary 
workaday activity. In view of the relatively 
small size of the two groups, one could 
attribute little or no significance to the 
slight excess of disability among the “execu- 
tive” group—13.6% compared with 10.8%. 

Tabulation of the individual diagnoses 
made on members of a group presents some 
problems. One inevitably finds a large num- 
ber of diagnoses recorded only one or two 
times. It is necessary to make some arbitrary 
groupings in order to maintain a manageable 
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list. This has been done with attention to 
the clinical significance of the particular 
diagnoses, as well as with preconceived or 
stated ideas as to the prevalence of such 
disease among management groups. 

In Table 2 are tabulated those diagnoses 
recorded on 10% or more of persons in 
either the “executive” group or the “control” 
group. 

Obesity was recorded about equally fre- 
quently in the two groups. The diagnosis 
was made strictly on clinical evaluation in- 
dicating that the body weight exceeded the 
ideal weight * by 10% or more. Arthritis 
and rheumatism appeared in next greatest 


*See Metropolitan Life Insurance Company 
tables. 


TABLE 2.—Diseases Occurring in Ten Per Cent or 
More of “Executive” at “Control” Groups 


Per Cent of Group 
isease 


Number of Cases with D 
Executive Control Executive Control 

Obesity 51 54 30. I 
Arthritis and 

rheumatism 35 19 21.2 11.2 
Hemorrhoids 33 36 20.0 21.3 
Arteriosclerotic 

disease 32 33 19.4 19.5 
Hypertensive 

disease 32 32 19.4 18.9 
Anxiety states, 

neuroses, ete. 32 22 19.4 13.0 
““Back"’ cases 19 10 11.5 5.9 
Hay fever 17 19 10.3 11.2 


: 

Age Age Age Age Age Total mi 
40-44 45-49 50-54 55-59 60-64 i 
E* Ct E* Ct E* Ct EB? Of E* Ct E* Ct ue 

1 17 

27 148 «149 

20 124 130 
7 24 19 es, 

1 ll 7 
29 176 176 
177 
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frequency. This category, as well as “back” 
cases, included all varieties of chronic mus- 
culoskeletal disease or defect. The difference 
in prevalence in these two groups is statis- 
tically significant even at the 1% level. The 
greater prevalence in the “executive” group 
is not immediately explicable, since it is not 
obviously related to occupation. It seems 
probable, however, that the management, or 
executive, group, by virtue of a loss of 
muscle tone, is vulnerable to occasional 
unusual stress or strain. Inactivity, or ac- 
tivity in which a limited group of muscles 
is used, does not maintain various muscle 
groups in a functionally healthy state. It 
has been suggested that “rheumatic” com- 
plaints may be secondary to some underlying 
emotional conflicts. A detailed study of this 
over-all problem is being undertaken. 

Hypertensive disease was recorded when 
clinical evidence suggested the accuracy of 
the diagnosis, and corroboration was pro- 
vided by persistent diastolic blood pressure 
levels of 90 mm, of mercury or more. The 
“executive” group did not manifest hyper- 
tensive or arteriosclerotic disease more fre- 
quently than did the “control” group. The 
occurrence of various psychogenic disturb- 
ances in 50% more “executives” than “con- 
trol” employees was not statistically 
significant at even the 5% level. Assuming, 
however, that the difference in prevalence of 
emotional disturbances in the two groups 
were real, I again emphasize that such a 
finding might not be job-related. Self-im- 
posed dedication to the job often precipitates 
emotional stresses and strains off the job, 
particularly in the home. No apparent dis- 
ability was associated with the emotional 
illness found, except when it was coupled 
with organic disease. Review of the more 
nearly complete tabulation of diagnoses sug- 
gests little or no difference in the prevalence 
of most diseases encountered. 

Of particular interest is the similarity of 
the prevalence within the two groups of 
obesity, peptic ulceration, functional gastro- 
intestinal disturbances, and migraine. 
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TABLE 3.—The Prevalence of Various Diseases 
Among Executive and Control Groups 


Per Cent of Group 


Number of Cases Examined 
Execu- Execu- 
tive Control tive Control 
Anxiety states, etc. 32 22 19.4 13.0 
sity 51 54 30.9 32.0 

Undernutrition 4 6 2.4 3.6 
Hernias 6 19 3.6 11.2 
Neurodermatitis 5 1 3.0 0.6 
Atopic dermatitis 4 3 2.4 18 
Psoriasis 3 3 1.8 18 
Pruritis ani 7 13 4.2 7.7 
Skin diseases, mise. 45 51 27.3 30.2 
Arthritis and 

rheumatism 35 19 21.2 11.2 
“Back"’ cases 19 10 11.5 5.9 
Bone and joint 

diseases, mise. 16 13 9.7  & | 
Bronchitis 8 7 48 4.1 
Rhinitis (hay fever) 17 19 10.3 11.2 
Tuberculosis, healed 5 s 3.0 4.7 
Respiratory diseases, 

mise. 12 15 7.3 8.9 
Arteriosclerotis disease 32 33 19.4 19.5 
Hypertensive disease 32 32 19.4 18.9 
Varicose veins 16 10 9.7 5.9 
Cardiovascular 

diseases, misc. 14 9 8.5 5.3 
Hematologic disease 5 3 3.0 18 
Peptic ulcer 7 10 4.2 5.9 
Functional G. I. 

disturbance 12 13 7.3 7.7 
Cholelithiasis 2 2 1.2 1.2 
Diverticulosis 2 2 1.2 1.2 
Polyposis 4 2 24 1.2 
Cirrhosis of liver 2 2 1.2 1.2 
Hemorrhoids 33 36 20.0 21.3 
Gastrointestinal 

diseases, misc. 12 ll 73 6.5 
Genitourinary tract 

calculi 3 7 1.8 4.1 
Benign prostatic 

hypertrophy 16 14 9.7 8.3 
Chronic prostatitis 5 3 3.0 1.8 
Hydrocele, spermato- 

cele, and varicocele ll 19 6.7 11.2 
Genital system 

diseases, misc. 10 7 6.1 4.1 
Urinary tract diseases, 

mise. 5 3 3.0 1.8 
Diabetes mellitus 5 6 3.0 3.6 
Migraine 6 5 3.6 3.0 
Epilepsy 1 1 0.6 0.6 
Deafness 6 8 3.6 4.7 
Eye diseases, misc. 12 24 7.3 14.2 
Miscellaneous 8 7 4.8 4.1 


Morbidity and mortality data are obvi- 
ously limited for small groups of employees 
such as described above. From data avail- 
able in our clinic, however, I would conclude 
that cardiovascular disease is responsible for 
about two-thirds of such cases and neoplastic 
disease is responsible for approximately 
one-fifth. This is the same as for other men 
of the same general age distribution. 


Conclusion 


There is no clear-cut evidence that the 
working environment of management or 


“executive” personnel has any peculiar 
hazards. 
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PHYSICAL EXAMINATIONS FOR EXECUTIVES 


In the absence of such demonstrable haz- “Rheumatic” complaints and disease were 
ards, it is unwise for the physician to be significantly more frequent in the executive 
dogmatic regarding health factors in the se- 


or managerial group than in the control 
lection of “executives.” Nor is it wise for 


group. This will be investigated further. 


the physician to narrow his health evaluation 
to any specific variety of disease process. 15 W. Sist St. (19). 
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Toxicity of 0-Dichlorobenzene 


Studies on Animals and Industrial Experience 


R. L. HOLLINGSWORTH, M.S.; V. K. ROWE, M.S.; F. OYEN; T. R. TORKELSON, M.S., and 


E. M. ADAMS, Ph.D., Midland, Mich. 


Millions of pounds of o-dichlorobenzene 
have been manufactured annually for many 
years for use as a solvent, chemical inter- 
mediate, heat-transfer agent, fumigant, dis- 
infectant, deodorant, and insecticide. The 
pronounced lack of reports of systemic in- 
jury to persons handling and using this 
product is noteworthy in view of the con- 
siderable experience which has accumulated 
during manifold operations carried out over 
this long period. This study was under- 
taken to obtain requisite information for 
evaluating more fully any possible health 
hazards which might be associated with the 
handling and use of the material. 


Review of Literature 


The sparse toxicological literature on 
o-dichlorobenzene is confused slightly be- 
cause certain authors have considered the 
effects of complex mixtures of chlorinated 
benzenes rather than those of o-dichloro- 
benzene itself. 

Baumann ! in 1883 reported that a small 
amount of mercapturic acid is formed and 
excreted in the urine after the oral admin- 
istration of o-dichlorobenzene to dogs. 
Callow and Hele? in 1926 confirmed the 
findings of Baumann. A reply to a query 
in The Journal of the American Medical 
Association*® pointed out that the Chicago 
Department of Health in 1927 included 
o-dichlorobenzene in a list of solvents in- 
vestigated and found to be satisfactory as 
far as their toxic characteristics were con- 
cerned for use in the manufacture of shoe 
dyes. 


~ Submitted for publication Aug. 6, 1957. 
Biochemical Research Laboratory, The 
Chemical Company. 
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Browning‘ in 1937 reported the results 
of vapor inhalation experiments with o-di- 
chlorobenzene which were carried out by 
the Ministry of Supply in 1928 at Porton, 
England. A nominal vapor concentration of 
1000 ppm of this compound was found to be 
lethal for guinea pigs after a single exposure 
for 20 hours, and narcosis, as well as injury 
to the liver and kidneys, was noted in this 
animal species. The effects on rabbits were 
less. Browning stated, “Its chronic effects, 
however, are not severe, even with pro- 
longed exposure to air containing vapour 
equivalent to 1/6 the saturated concentra- 
tion.” This concentration would be about 
1.5 mg. per liter, or 250 ppm, since Brown- 
ing indicated that air saturated with pure 
o-dichlorobenzene vapor at 20 C. contains 9 
mg. per liter. 

Cameron, Thomas, Ashmore, Buchan, 
Warren, and Hughes® in 1937 reported 
their findings on the toxicity of chlorinated 
benzenes. These investigators used an im- 
pure mixture containing only 48.8% of 
o-dichlorobenzene for the bulk of their 
studies, and this may have diminished the 
significance of the work somewhat insofar 
as conclusions regarding o-dichlorobenzene 
itself are concerned. However, these au- 
thors carried out one experiment in which 
they used chemically pure o-dichlorobenzene; 
a total of 10 rats were exposed once for 
11-50 hours to a calculated concentration of 
800 ppm of the vapor of the material; drow- 
siness, irritation of the eyes and nose, coma, 
one death, and liver necrosis were observed. 

The Massachusetts Division of Occupa- 
tional Hygiene® in 1937 under the super- 
vision of Dr. Hervey B. Elkins carried out a 
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field survey of fulling operations in three 
mills of the woolen industry which used 
o-dichlorobenzene (composition not stated) 
as a solvent for paint and tar removal. A 
total of eight samples of the workroom air 
were obtained, and concentrations of di- 
chlorobenzene vapor ranging from 10 to 
270 ppm were found. 

Later, in 1939, Elkins * proposed a Maxi- 
mum Allowable Concentration of 75 ppm 
for dichlorobenzene after reporting that two 
of a total of nine analyses of the air in 
industrial operations were above 75 ppm. 
Limited human sensory response data from 
this study were not published at that time 
but were reported ° in 1950. 

Downing * in 1939 reported a case of 
dermatitis in a glazier handling window 
sashes dipped in a mixture containing 0- 
dichlorobenzene. Patch tests showed that 
the man was sensitive to o-dichlorobenzene. 

Riedel ® in 1941 reported that o-dichloro- 
benzene (purity not indicated) caused a 
burning sensation when applied to the skin 
of two human subjects for 15 minutes; this 
response became more intense during an ex- 
posure period of one hour and disappeared 
when the liquid was removed. Then a dif- 
fuse redness developed in the treated area 
which progressed to a darker red color and 
blister formation after 24 hours. Later a 
brown pigment was formed which had not 
disappeared three months after the treat- 
ment. This author also painted a 10 cm? 
area of the depilated abdominal skin of rats 
twice daily with an unspecified amount of 
o-dichlorobenzene and found that the ma- 
terial was absorbed through the skin of rats 
in lethal quantities after a minimum of five 
applications under these extreme conditions. 

Riedel carried out a number of static 
vapor exposures of laboratory animals to 
o-dichlorobenzene. He reported that a dog 
survived a single one-hour exposure to a 
calculated concentration of 864 ppm 
without noticeable symptoms. Another dog 
received repeated two-hour daily exposures 
for 14 days to a calculated concentration of 
432 ppm without adverse effects as judged 
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by survival, gross appearance, behavior, and 
blood counts. This investigator found that 
mice were killed by a single exposure for 
one hour to a saturated atmosphere of 
o-dichlorobenzene vapor; the observed ef- 
fects included central stimulation and rest- 
lessness followed by central depression, 
muscular twitchings, slow and_ irregular 
respiration, cyanosis, and death. Rats and 
guinea pigs survived such an exposure. 

Cook’ in 1945 listed 75 ppm as the 
Maximum Allowable Concentration for 
o-dichlorobenzene. He stated, “A value of 
75 ppm is recommended by the U. S. Public 
Health Service as a guide.” 

Fletcher '' in 1945 reported an extensive 
literature survey on o-dichlorobenzene as an 
insecticide. This article included a historical 
review and information on the chemical, 
physical, and toxicological properties as well 
as a review of the uses and insecticidal ef- 
fectiveness of the material. 

The American Conference of Govern- 
mental Industrial Hygienists? in 1950 
adopted a Threshold Limit Value of 50 ppm 
for o-dichlorobenzene. This value is one-half 
of the concentration of 100 ppm of 
o-dichlorobenzene vapor which Elkins * in 
1950 reported was the cause of some irrita- 


tion of the eyes and respiratory passages. 
Elkins also listed 50 ppm as a Maximum 
Allowable Concentration for dichlorobenzene 
(o and fp) but enclosed this value in paren- 
thesis to indicate that it was based on in- 
adequate data obtained in a Massachusetts 
field survey. 


The Manufacturing Chemists’ Associa- 
tion '* in 1953 published a Chemical Safety 
Data Sheet which presented a detailed ac- 
count of the properties and essential in- 
formation for safe handling and use of 
commercial grade o-dichlorobenzene. They 
endorsed the generally accepted Maximum 
Allowable Concentration of 75 ppm for this 
material which contains 20% to 25% 
p-dichlorobenzene. The good warning pro- 
perties of o-dichlorobenzene vapor were em- 
phasized. 
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Azouz, Parke, and Williams? in 1955 
studied the metabolism of o-dichlorobenzene 
in rabbits. They showed that about 30% 
of the dose was metabolized to 3,4-dichloro- 
phenol, 9% to 2,3-dichlorophenol, and 4% 
to 3,4- and 4,5-dichlorocatechols when a 
single oral dose of 0.5 gm/kg. of o-dichloro- 
benzene as an aqueous suspension was ad- 
ministered by stomach tube to rabbits. The 
conjugates excreted in the urine were 48% 
glucuronides, 21% ethereal sulfates, and 
5% of 3,4-dichlorophenylmercapturic acid, 
and the excretion of the metabolites was 
complete six days after dosing. Quinols 
were not detected. 


Material Tested 


o-Dichlorobenzene is a liquid which has a 
boiling point of 180.48 C at 760 mm. of 
Hg pressure when 99.85 mole % pure.’® 
The vapor presstire of the material is 1.56 
mm, at 25 C,!* and a saturated atmosphere 
of o-dichlorobenzene vapor contains 2053 
ppm or 12.35 mg/L. at 25 C. Redistilled 
o-dichlorobenzene with a boiling point range 
of 179.5 181.1 C at 760 mm. of Hg pressure 
was used in these experiments, and the 
material had a purity of 99% or better as 
determined by physical properties. 


Vapor Inhalation Studies 
Procedures 


Animals.—The source, feeding, selection, and 
handling of the animals used in the vapor inhala- 
tion experiments were essentially the same as 
those previously described* by this laboratory 
except that the Albino guinea pigs were raised in 
this laboratory. 


In the repeated vapor inhalation studies, similar 
control groups were used, well matched with the 
experimental animals in respect to number, age, 
sex, and body weight. Routinely, these animals 
were exposed seven hours daily, five days a week. 
All survivors were killed on the day following 
the termination of the exposure period; their 
organs were weighed promptly, and their tissues 
were examined grossly and microscopically. 

The Fisher t-test*® was employed in comparing 
the mean values of the final body weights and 
organ weights obtained on the o-dichlorobenzene- 
exposed groups with those obtained on the control 
groups. Probability (P) values of less than 0.05 
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were interpreted as indicating a significant dif- 
ference. 


Apparatus.—The apparatus and techniques em- 
ployed in carrying out these studies were essen- 
tially the same as those previously described ® by 
this laboratory. The vapor concentrations were 
obtained by metering liquid o-dichlorobenzene at 
a constant rate into the constant air flow entering 
the chamber, with heat being applied at the point 
of vaporization as needed to effect complete vola- 
tilization. A glass-walled chamber with a capacity 
of about 160 liters was used for the single vapor 
exposures. A rectangular galvanized sheet-metal 
chamber with a capacity of about 1700 liters was 
employed for the repeated vapor exposures at 
93 ppm, and a similar chamber with a capacity of 
about 450 liters was used for the exposures at 
49 ppm. 


Analytical Method.—Vapor concentrations of 
o-dichlorobenzene were determined by combustion 
of samples of the chamber atmosphere, absorption 
of combustion products in dilute sodium carbonate- 
sodium formate solution, and titration of chloride 
by the micro Volhard method. All vapor con- 
centrations were checked repeatedly at intervals 
during the experimental period. 


Results of Analyses 


In expressing the results of the vapor in- 
halation experiments, the average vapor con- 
centrations by analysis are specified with 
the calculated concentrations being indicated 
for completeness. The results of analyses 
on various concentrations of o-dichloroben- 
zene in the chambers employed are sum- 
marized in Table 1. 


TaBLe 1.—Results of Analyses on Air-o-Dichloro- 
benzene Mixtures to Which Animals 
Were Exposed 


Average 
Range of Concentration 
Concentrations of oDichloroben- 
No. of Calculated Found by zene by 
Samples Concentration Analysis Analysis 
Ppm Ppm Ppm 
5 1750 840-1060 977 
2 1500 907-975 941 
3 1250 707-900 821 
9 1000 447-670 539 
18 106 85-98 

“4 65 46-52 49 


Results of Single Exposures 


Mortality.—The number of male rats ex- 
posed and the number that died from each 
exposure are listed in Table 2. 
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TasLe 2.—Mortality of Male Rats Exposed to 
Various Concentrations of o-Dichlorobenzene 
Vapor for Single Periods 


Average Vapor 
Concentration Period of 
by Analysis Exposure 
Ppm Hr. 


No. of Rats 


No. 
Exposed That Died 


977 10 
7 


Gross Response-——During the exposures 
the rats exhibited drowsiness, unsteadiness, 
eye irritation, difficulty in breathing, and 
anesthesia. The intensity of visible responses 
were dependent on the concentration and 
the duration of exposure. The survivors 
generally suffered temporary weight losses 
but recovered satisfactorily within 14 days 
after termination of the exposure. Most of 
the deaths occurred within three days after 
removal of the animals from the chamber. 

Organic Injury.—In order to obtain an 
understanding of the nature and extent of 
the organic injury in the case of single 
exposures near the maximum intensities 
which allow survival, special matched groups 
of 20 young adult, male rats each were 
exposed once as follows: 977 ppm for 1 
hour and for 0.5 hour; 539 ppm for 6.5 
hours and for 3 hours. One half of each 
group of animals was killed for pathological 
examination one day after exposure and the 
other half was killed three days after ex- 


posure. Their organs were weighed prompt- 
ly, and their tissues were examined grossly 
and microscopically. Requisite data on suit- 
able matched groups of 20 air-exposed con- 
trol animals each were obtained for 
comparative purposes. 

Increases in the average weights of the 
liver and kidneys of the experimental groups 
of male rats were found. Microscopic 
examination of the tissues of these animals 
revealed marked central lobular necrosis in 
the liver and cloudy swelling of the kidney 
tubular epithelium except that no adverse 
effects were observed in the animals exposed 
to 977 ppm of o-dichlorobenzene for 0.5 
hour. The organ weight increases and his- 
topathological changes were pro- 
nounced in the liver than in the kidneys. 
The degree of the findings was greater in 
the case of the longer single exposures. 


Results of Repeated Seven-Hour Exposures 


Concentration: 93 Ppm (0.56 Mg. per 
Liter)—Groups of 20 rats, 8 guinea pigs, 
and 2 rabbits of each sex plus 2 female 
monkeys were subjected to repeated ex- 
posures seven hours a day, five days per 
week, for periods ranging from six to seven 
months to an average concentration by 
analysis of 93 ppm of o-dichlorobenzene 
vapor. [inal average body and organ weight 
data for rats and guinea pigs are furnished 
in Table 3. 

Although the decrease in the average 
weight of the spleens of the exposed group 
of male guinea pigs is statistically significant, 


TABLE 3.—Final Average Body and Organ Weights of Animals That Receive 
Repeated Seven-Hour Exposures to 93 Ppm o-Dichlorobenzene Vapor 


Group Animals, Sex Species 


No. 


Control * Rat 


Exposed 


Control * 
Exposed 


Control * 
Exposed 


Control * 
Exposed 


Average Organ Weights in Grams 


Kidneys 


Lungs Heart Liver Spleen Testes 


per 


Se 


SR SR oe 
S2 SS Ba 


* Air-exposed controls 
+P = 0.05 
TP = 0.0) 
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5 4 a 
20 0 
5 0 
941 5 2 a 
4 1 
5 0 
821 7 20 A me 
539 7 5 0 ” 
: 
Final 
ures, Body 
No. Wt., Gm. 
127 184 334 0.55 2.72 ; 
18 125 182 305 | 0.49 241 
7 132 191 213 1 
17 131 190 205 1 0.41 pasts = 
P| 7 Guinea 136 197 865 1.15 4.09 i 
8 pig 136 197 862 3.73 
8 138 199 827 133k 
138 199 805 1.16 
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no real significance is attributed to the ob- 
servation because microscopic examination 
of the spleens revealed their complete nor- 
malcy. 

Repeated seven-hour exposures to 93 ppm 
of o-dichlorobenzene vapor were without 
adverse effect on any of the animal species 
tested as judged by the criteria which fol- 
low: gross appearance, behavior, growth, 
mortality, organ-weight studies, hematologi- 
cal data on rabbits and monkeys, qualitative 
urine tests on female animals of all species 
for blood, sugar, albumin, and _ sediment, 
terminal blood urea nitrogen values for fe- 
males rats, female guinea pigs, and rabbits, 
and gross and microscopic examination of 
the tissues. 

Concentration: 49 Ppm (0.29 Mg. per 
Liter).—Groups of 20 rats and 8 guinea pigs 
of each sex plus 10 female mice received 
repeated exposures seven hours a day, five 
days per week, for six and a half months 
to an average concentration by analysis of 
49 ppm of o-dichlorobenzene vapor. 

Repeated seven-hour exposures to 49 ppm 
of o-dichlorobenzene vapor had no adverse 
effect on any of the animal species studied 
as judged by gross appearance, behavior, 
growth, mortality, organ-weight studies, and 
gross and microscopic examination of the 
tissues. 


Oral Administration Studies 


Oral Administration of Single Doses 


When o-dichlorobenzene was fed by in- 
tubation as a 50.0% solution in olive oil to 
groups of 10 guinea pigs of mixed sex, 
single doses of 0.8 gm/kg. allowed the 
survival of all animals, and doses of 2.0 
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TaBL_e 4.—Final Average Body and Organ Weights of Female Rats That Received 
138 Repeated Oral Doses of o-Dichlorobenzene in 192 Days 


gm/kg. killed all animals. All surviving 
guinea pigs were observed for about two 
weeks until they had fully recovered from 
any loss of weight and were gaining nor- 
mally. 


Repeated Oral Administration 


Matched groups of 10 young adult white female 
rats each were fed aliquots of olive oil solutions 
of o-dichlorobenzene by stomach tube five days a 
week for a total of 138 doses in 192 days. The 
olive oil solution was emulsified with about 2 ml. 
of a 5% to 10% acacia (gum arabic) solution in 
each instance. The experimental groups of animals 
were maintained on dosage levels of 18.8, 188, and 
376 mg/kg. of o-dichlorobenzene, respectively. 
Another similar matched group of 20 female rats 
was fed a similar quantity of olive oil-acacia 
emulsion alone and served as a control group for 
the experiment. The control diet for the animals 
has been described previously by Adams, Spencer, 
Rowe, and Irish.” All surviving rats were sub- 
jected to autopsy one day after they received the 
last dose; their organs were weighed promptly, 
and their tissues were examined grossly and 
microscopically. Final average body and organ 
weight data for the animals are furnished in 
Table 4. 

There was no adverse effect on growth 
or mortality of the rats. The deaths which 
occurred were well distributed among the 
groups of animals and were due to respira- 
tory infection in nearly every instance. 

At the high dosage level of 376 mg/kg. 
positive findings consisted of a moderate 
increase in the average weight of the liver, 
a slight increase in the average weight of 
the kidneys, and a slight decrease in the 
average weight of the spleen. In addition, 
microscopic examination of the liver re- 
vealed slight to moderate cloudy swelling. 


At the intermediate dosage level of 188 
mg/kg. a slight increase in the average 


Final Ave 
Body W 


Dosage Level It., 


Average Organ Weights in Grams 


Mg/Kg. Rats, No. Gm. Heart Liver Kidneys — Spleen 
Controls 14 227 0.88 6.84 1.59 0.51 
376 9 218 081 10.08 * 2.07 * 0.36 t 
188 5 234 0.91 9.40 ¢ 1.94 t 0.41 
18.8 7 233 0.89 743 1.75 0.45 


*P 0.001 
t P = 0.003 
= 0.02 
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weight of the liver and kidneys occurred. 
Hematological and bone marrow values for 
the rats were within the normal range at 
this dosage level. 

There was no adverse effect detected in 
the rats at the low dosage level of 18.8 
mg/kg. of o-dichlorobenzene. 


Eye Contact—Rabbits 
Procedures 


The eyes of two rabbits were stained with a 
5% solution of fluorescein in water. About 30 
seconds later the eyes were flushed for two minutes 
in a flowing stream of water and carefully ex- 
amined to ensure that they were normal. On the 
next day after this preliminary check, two drops 
of undiluted o-dichlorobenzene were introduced 
into each eye. Any pain was noted promptly. In 
about 30 seconds one eye was flushed for two 
minutes with copious amounts of flowing water; 
then both eyes were stained and observed for ir- 
radiation and any injury. After subsequent periods 
of 2, 24, 48, and 168 hours, both eyes were ex- 
amined before and after staining as was done 
initially. 


Results 


The undiluted o-dichlorobenzene prompt- 
ly caused slight to moderate pain and slight 
conjunctival irritation which cleared com- 
pletely within seven days. Prompt washing 
of a treated eye with water immediately 
after contact reduced the degree of pain and 
conjunctival irritation. 


Industrial Human Experience 


Favorable human experience has accu- 
mulated during a period of many years 
in which o-dichlorobenzene has been manu- 
factured and handled in industrial opera- 
tions in The Dow Chemical Company. 
Industrial hygiene surveys of all plant op- 
erations on which men have worked while 
handling o-dichlorobenzene have been car- 
ried out. The results of analyses of 40 
samples of the workroom air showed con- 
centrations ranging from 1-44 ppm with an 
average of 15 ppm. The warning properties 
of o-dichlorobenzene vapor were not ap- 
parent under these circumstances. 

All men employed by this company in 
industrial operations involving the han- 
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dling of o-dichlorobenzene have received 
medical examination from time to time. 
These examinations included blood counts 
(RBC, WBC, and differential), determina- 
tions of hemoglobin, blood urea nitrogen, 
hematocrit, mean corpuscular volume, and 
sedimentation rate, and urinalysis. No evi- 
dence of organic injury or of untoward 
hematological effects attributable to expo- 
sure to o-dichlorobenzene has been found 
in these workmen. 


Comment 


An industrial hygiene standard for evalu- 
ating regular daily exposures during the 
common work week of 40 hours (8 hours 
per day, five days a week) was defined in 
an earlier article by Adams, Spencer, Rowe, 
McCollister, and Irish** as the concentra- 
tion below which practically all results of 
analysis of workroom air must fall. The 
philosophy of the industrial hygiene stand- 
ard was also discussed in this article. 

Based upon the results of the repeated 
vapor inhalation experiments on laboratory 
animals reported herein, it is our opinion 
that in instances where exposures are pro- 
longed and repeated (eight hours per day, 
five days a week) the vapor concentration 
of o-dichlorobenzene should be maintained 
below 75 ppm. 

During the repeated vapor inhalation ex- 
periments on animals, a definite odor of 
o-dichlorobenzene was detectable at a con- 
centration of 50 ppm, but no eye or nasal 
irritation was noted. 

It is a fortunate circumstance that the 
fairly good warning properties of o-dichlo- 
robenzene vapor at a concentration of 100 
ppm as reported by Elkins ™ are probably 
capable of preventing excessive vapor ex- 
posures in unacclimated persons if these 
properties are not ignored. 

Although Riedel® found that o-dichloro- 
benzene is absorbed through the skin of rats 
under extreme conditions, it is doubtful if 
absorption through the skin constitutes any 
hazard of significance in use because of 
the irritating effect. This opinion is con- 
sistent with rather wide practical experience. 


185 


P 
= 


A comparison of o-dichlorobenzene and 
p-dichlorobenzene from the toxicological 
viewpoint is facilitated by a recent paper 
by Hollingsworth, Rowe, Oyen, McCollis- 
ter, and Spencer ** on the latter material. 
It is of direct interest that these isomers 
are so similar in toxicity. For example, the 
chronic inhalation toxicity of o-dichloro- 
benzene for rats and guinea pigs is the same 
as that of p-dichlorobenzene when the con- 
centration of 100 ppm is approached closely 
and comparable conditions of repeated 
seven-hour vapor exposures, five days a 
week, for about six months are employed. 


Summary and Conclusions 


A review of the toxicological literature 
on o-dichlorobenzene is presented. In gen- 
eral, this compound has a low acute toxicity 
by oral administration and a moderate acute 
toxicity by inhalation for laboratory ani- 
mals. It is irritating when applied to the 
skin of human subjects for 15-60 minutes 
and is reported to be absorbed through the 
skin of rats under extreme conditions. A 
more or less intermittent exposure to a 
concentration of 100 ppm of vapor caused 
some irritation of the eyes and respiratory 
passages without other effects. 

o-Dichlorobenzene has a low single dose 
oral toxicity for guinea pigs; a dose of 
0.8 gm/kg. allowed the survival of all ani- 
mals fed. 

When_ o-dichlorobenzene was adminis- 
tered to rats by intubation daily, five days 
a week, for a total of 138 doses in 192 days, 
the level of no effect was determined to lie 
between 18.8 and 188 mg/kg. 

The application of undiluted o-dichloro- 
benzene to the eyes of rabbits caused some 
pain and slight irritation of the conjunctival 
membranes which healed completely within 
seven days. 

Results of single exposures of rats to 
o-dichlorobenzene vapor revealed a mod- 
erate acute toxicity by inhalation; exposure 
intensities allowing survival were 977 ppm 
for two hours and 539 ppm for seven hours. 
The toxic effects observed in this animal 
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species consisted of depression of the cen- 
tral nervous system and organic injury of 
the liver and kidneys. 

When groups of animals were subjected 
to repeated seven-hour exposures to o0-di- 
chlorobenzene vapor, five days a week, for 
periods ranging from six to seven months, 
rats, guinea pigs, rabbits, and monkeys 
tolerated 93 ppm without adverse effects. 

An industrial hygiene standard of 75 
ppm is recommended for o-dichlorobenzene. 
This standard is based upon the results of 
repeated vapor inhalation experiments on 
laboratory animals reported herein. Human 
experience tends to indicate the reasonable- 
ness of this standard. 


The Dow Chemical Company. 
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Occupational Health 


California Resolves Jurisdictional Problems in 


A. C. BLACKMAN, M.E., and HENRY R. JAMES, Ch.E., San Francisco 


Because of jurisdictional conflicts within local, state, and national levels all over the world on occu- 


pational health matters, we are happy to show how one state—California—is successfully resolving the 


problem. 


A unique working relationship exists in 
California today between two State agen- 
cies—unique in that the relationship is 
formally cemented by a written agreement 
signed by the Directors of the Departments 
of which the agencies are a part. 


The agencies are the Bureau of Adult 
Health (Division of Preventive Medical 
Services, Department of Public Health) and 
the Division of Industrial Safety (Depart- 
ment of Industrial Relations), referred to 
in this article as the “Bureau” and the “Di- 
vision.” 

The Bureau’s primary interest is occupa- 
tion health, which includes medical and nurs- 
ing service programs, industrial sanitation, 
and industrial hygiene activities. It derives 
its authority from Section 211 of the Cali- 
fornia Health and Safety Code, which 
states : 

It shall cause special investigations of the 
sources of morbidity and mortality and the effects 
of localities, employments, conditions and circum- 
stances on the public health and it shall perform 
such other duties as may be required in procuring 
information for State and Federal agencies regard- 
ing the effects of these conditions on the public 
health. 

The Division, receiving its authority from 
the California Labor Code, has the respon- 
sibility and authority to see that every em- 
ployment and place of employment in 
California is safe, with the Labor Code 
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State of 


defining “safe” and “safety” as applied to 
places of employment. That responsibility 
includes the establishing and administering 
of safety orders. 

The Division is empowered to investigate 
the cause of all industrial injuries, with 
injury defined by the Labor Code as includ- 
ing “any injury or disease arising out of 
the employment.” 

It is the last phrase—“or disease’””—which 
would cause an overlapping or conflict of 
duties between the Bureau and_ Division, 
were it not for the unique written agreement 
between them. 


Composition of the Agencies 


The Bureau, which is headed by a public 
health physician, is composed of public 
health physicians, industrial hygiene engi- 
neers, industrial nursing consultants, sani- 
tation consultants, chemists, and_ statistical 
analysts. 

Its industrial hygiene engineers are 
equipped with sampling devices for the 
quantitative and qualitative determination 
of practically any hazardous substance or ex- 
posure that a worker in California may en- 
counter in his place of employment. 

The Division, which is headed by an 
engineer, is virtually composed of engineers 
in seven specialties: industrial, mining and 
petroleum, elevator, electrical, boiler, con- 
struction, and educational. There are also 
two staff positions—a labor liaison repre- 
sentative, and an industrial hygiene engineer. 


a 
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One phase of the Bureau’s work is to 
evaluate industrial health hazards by means 
of industrial hygiene studies. 


The Division, through its activities of 
controlling hazards which may cause occu- 
pational diseases, is likewise concerned with 
the evaluation of industrial health hazards. 

The Bureau classifies its requests for 
studies according to the source of the re- 
quest: 

1. Division of Industrial Safety 

2. Management 

3. Local health departments 

district) 

4. Labor unions 

5. Bureau-initiated 

Division requests for industrial hygiene 
studies originate from the following: 

1. Field safety engineers 

2. Labor unions 
3. Management 


(city, county, or 


4. Others who complain, orally or in writing. 

It is obvious that the Bureau and the 
Division’s common interest normally would 
overlap and conflict, and before 1947 there 
was overlapping and conflict. 

Members of both agencies occasionally 
visited the same place of employment, at 
different times, to study a health problem, 
to the confusion and irritation of the man- 
agement when different suggestions 
controlling a hazard were received. 


for 


It became apparent that such a confusing 
and disturbing situation would have to be 
corrected. 


In 1947 it was agreed that the first step 
must be to set forth in writing just how the 
agencies should work together and supple- 
ment each other’s occupational health activi- 
ties. This was done, and copies of the 
agreement, indicating the pathways along 
which the problem would be explored, were 
distributed to the personnel in the two agen- 
cies. 

Signing an agreement did not of course at 
once eliminate difficulties and misunder- 
standings. But almost all of them have been 
gradually resolved by good faith, apprecia- 
tion of each other’s problems, and _ better 
communication. 


Blackman—J ames 


The next step was to establish within the 
Division the position of industrial hygiene 
engineer, whose duties include liaison with 
the Bureau. 

The actual working relationship today 
has become a fairly smooth one, with dupli- 
cation practically eliminated, and the inde- 
pendence of each agency maintained. 


One Problem 


One controversial problem that is finally 
being resolved is that pertaining to engineer- 
ing and medical reports of studies requested 
of the Bureau by other than Division per- 
sonnel or labor unions. 

In the past, copies of these reports were 
not sent to the Division. The Bureau de- 
clared that it must maintain a confidential 
physician-patient relationship with industry, 
especially as regards medical information 
about employees injured from exposure at 
work—even if an employer violates State 
Safety Orders. The Division felt that this 
could, under certain circumstances, result 
in occupational health injuries that could 
have been prevented. 

A positive step forward was made, this 
year, toward the solution of this problem. 
Both agencies agreed that there was merit 
in each other’s policy. 

The Bureau now sends all reports of 
studies to the Division’s industrial hygiene 
engineer. Reports which indicate violations 
of safety orders are reviewed jointly by 
the Bureau and Division, who together de- 
cide whether the Bureau should devote more 
time to “selling’’ management on the sug- 
gestions or recommendations in the report, 
or whether the report should be sent to the 
Division’s field engineer, directing him to 
make an inspection and write any require- 
ments he considers necessary. 


Communication 


Much of the communication between the 
Bureau and the Division is by telephone, 
with letter confirmation following. Commu- 
nication is also improved by an increasing 
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number of informal joint conferences of 
Bureau and Division personnel. 

If the Division staff can itself make a 
decision regarding a potential or actual 
health hazard, a request for study is not 
forwarded to the Bureau. 

If the degree of exposure is controversial 
—such as in lead fume exposure—or if 
management requests precise figures about 
the hazard, the Division asks the Bureau to 
make a study. 


On requests to the Bureau initiated by 
the Division, a Division safety engineer 
usually accompanies the Bureau’s staff on its 
first visit to a place of employment, to 
introduce Bureau personnel to the plant 
management, and to point out the specific 
areas where, in his opinion, a health prob- 
lem may exist. The Bureau’s professional 
staff then makes a complete evaluation of 
the problem, and such an evaluation may 
cover the medical, sanitation, nursing, and 
engineering aspects necessary to control the 
health hazard. 

If the problem is large, that is, in terms 
of employees involved and costs of proposed 
installations for elimination of the hazard, 
one or more conferences between Bureau 
and Division personnel may be held to make 
certain that there is a meeting of minds. 

Conferences are of course often held for 
small problems too, but discussions then are 
usually more informal, sometimes just over 
the phone. Usually the Division engineer 
and the Bureau engineer discuss the study 
findings and come to agreement on accept- 
able solutions of the problem. This elimi- 
nates the possibility of an employer's 
receiving dissimilar recommendations and 
requirements from different State agencies. 

The Bureau engineer’s report of his study 
usually includes broad suggestions and rec- 
ommendations for controlling the problem. 

When a joint conference is held with an 
employer, the Bureau presents the joint find- 
ings, and the Division presents its safety 
requirements, if any. 

The Division’s Safety Orders are stand- 
ards. They specify the objectives required, 
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not (as a rule) how the objectives must be 
reached. Management often asks for a way 
or ways of achieving the objective. 

In matters of industrial hygiene, joint- 
agency discussion with management is par- 
ticularly important, to make sure that the 
methods in themselves are considered safe 
by the Division. 

Division requirements always include a 
date by which they must be completed. 
Management’s views on a reasonable date 
are invited. It may be a month away, or a 
year, or even longer, depending on what 
must be done. Of course, where the hazard 
is extremely severe, work will be stopped 
immediately until requirements are com- 
pleted. But the Division works on the 
premise that the overwhelming majority of 
employers want a safe place of employment, 
and want to comply with safety standards. 
The point is how, and the Division is glad 
to show them. 


At the completion date, a follow-up study 
is made, if necessary, to evaluate the effec- 
tiveness of the installation, and to report to 
those concerned about it. 


Thus have the two agencies created a 
formula for the solution of the occupational 
health problem in California. 


The Important Ingredient 


Purposely left out until now is the impor- 
tant “ingredient” in the joint program. That 
ingredient is the philosophies of the two 
agencies. 


The Bureau’s present chief, Dr. William 
H. Clark, had the following to say in the 
California Department of Public Health 
biennial report: 


This Bureau is active in strengthening the local 
resources available for the protection of the health 
of workers in industry and agriculture from both 
occupational and general health hazards. It offers 
direct services, such as medical, engineering and 
nursing consultation and studies, to individual in- 
dustries. It is also concerned with the health 
problems arising from the development of new 
materials and processes introduced by industry and 
agriculture. Radioisotopes and the new toxic in- 
secticides are examples of new and_ hazardous 
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materials now commonly used throughout the State 
and it is therefore the responsibility of this Bureau 
to measure their effect on public health. 

From this it is plain that the Bureau pro- 
vides services and information necessary to 
evaluate hazards, and to educate those con- 
cerned on the nature of the hazards and 
on the methods for controlling them. 

The duties and pressures upon the Divi- 
sion tend to require it to produce results 
immediately, but this is often difficult to 
do in joint efforts. For many reasons, the 
Bureau often cannot make the actual field 
studies requested by the Division until sev- 
eral weeks or months later. And then it 
takes further time for the report to be 
prepared and sent to the Division. 

In some problems to which there are no 
firmly established solutions, the Bureau is 
faced with difficulty in making recommen- 
dations. In general, the Bureau prefers to 
base its judgments and recommendations 
upon objectively obtained measurements 
wherever possible. 

This cautious approach sometimes dis- 


turbs the workers concerned, since they 
cannot quickly learn whether or not they 
are subjected to a hazardous exposure. 


Blackman—J ames 


In part, this situation arises because the 
Division generally refers only controversial 
problems to the Bureau. In these types of 
situations, where the answers are not clear, 
a final determination on each individual case 
has to be made by the Division after careful 
study of all available information. 


Better Service to the People 


The conflicts and irritations that occasion- 
ally crop up in the relationship between the 
Bureau and the Division are due mostly to 
conflict of personalities—as of course may 
happen within any organization itself, or 
within any individual family. 

Since both agencies appreciate that they 
have a parallel field of interest and that their 
duties and powers need not overlap or con- 
flict, the relationship has become, and is 
becoming, increasingly smoother, friendlier, 
and much more productive. 

Because of this, both agencies have be- 
come better able to serve the people of 
California—by jointly contributing in an 
ever-greater measure to their health and 
safety at work, 


965 Mission St. 
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Toxicity and Mechanism of Action of Di-Syston 


THOMAS J. BOMBINSKI, B.S., and KENNETH P, DuBOIS, Ph.D., Chicago 


During the past several years a consider- 
able amount of attention!* has been given 
to the mammalian toxicity of Systox * 
(O,O-diethyl O-ethylmercaptoethyl phospho- 
rothionate) because of the wide use of this 
material as an agricultural insecticide. 
Commercial preparations of Systox consist 
of a mixture of two isomers, namely 
O,O-diethyl O-ethyl-2-mercaptoethyl phos- 
phorothionate (Systox) and O,O-diethyl 
S-ethyl-2-mercaptoethyl phosphorothiolate 
(P=O Systox; thiol Systox). The P=O 
isomer is considerably more toxic ?*7 than 
the P=S isomer (Systox), and the toxicity 
of various commercial preparations — is 
therefore dependent upon the proportion of 
each isomer present in a mixture. In addi- 
tion, the mercaptosulfur of the ethylmer- 
captoethyl portion of both isomers is 
oxidized to the sulfoxide and sulfone deriva- 
tives,® which exhibit high mammalian tox- 
icity.’ Thus, the toxicology of Systox is 
complicated by its tendency to undergo 
isomerization and metabolism to toxic de- 
rivatives. 

The problem of isomerization of com- 
pounds containing the phosphorothionate 
structure (-O-P=S) can be eliminated by 
replacement of the oxygen by a_ second 
sulfur atom. This chemical feature is pres- 
ent in Di-Syston * (O,O-diethyl S-2-ethyl- 
2-mercaptoethyl phosphorodithioate ), which 
has the following chemical structure : 


P-S-CHs-CH:-S-CeHs 
||. 

Received for publication July 30, 1957. 

From the Department of Pharmacology, Univer- 
sity of Chicago. 

This investigation was supported in part by a 
research grant (RG-3349 C5) from the Division 
of Research Grants, U. S. Public Health Service. 

* Systox and Di-Syston are trade-marks of the 
Chemagro Corporation, 437 Fifth Ave., New York. 
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Recent studies by Gage,® Davison,"’ and 
Murphy and DuBois" have shown that 
insecticidal phosphorodithioates (-S-P=S) 
and phosphorothionates (-O-P=S) exert 
no anticholinesterase action but are con- 
verted to their corresponding oxygen ana- 
logues, which are potent anticholinesterase 
agents. Metabolic alteration of Di-Syston 
in this manner would yield O,O-diethyl 
S-ethyl-2-mercaptoethyl phosphorothiolate 
(P=O Systox). The toxicity of P=O 
Systox has been studied by Deichmann and 
Rakoczy * and by DuBois, Murphy, and 
Thursh.? In view of the probability that 
Di-Syston undergoes metabolic conversion 
to the phosphorothiolate derivative (P=O 
Systox) it was expected that the pharmaco- 
logic actions of Di-Syston in intact animals 
would resemble those which are produced * 
by the phosphorothiolate derivative. How- 
ever, quantitative differences between the 
two compounds were anticipated because the 
toxicity and the time of onset and duration 
of the cholinergic action of Di-Syston would 
depend upon the rate and extent of conver- 
sion of the compound to its phosphorothio- 
late derivative. Thus, accurate evaluation 
of the possible health hazards associated 
with the use of Di-Syston as an agricultural 
insecticide necessitated investigation of its 
toxicity. The present communication con- 
tains the results of acute and subacute tox- 
icity measurements and experiments on the 
anticholinesterase action of Di-Syston. The 
results of this study permit a comparison 
of the toxicity of this compound with that 
of other cholinergic phosphorus-containing 
insecticides. 


Experimental Procedures 


For the toxicity measurements male and female 
Sprague-Dawley rats (175-225 gm.), male and 
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female Carworth Farms mice (about 20 gm.), and 
young male guinea pigs (about 250 gm.) were 
used. The animals were housed in air-conditioned 
rooms maintained at 65 to 70 F. The rats and mice 
were fed Rockland Rat Diet, and the guinea pigs 
received Rockland Rabbit Pellets. 


Samples of Di-Syston and the sulfone and sulf- 
oxide derivatives of this compound were supplied 
by the Chemagro Corporation of New York. For 
the toxicity studies the compounds were dissolved 
in 10% ethanol and 90% propylene glycol. The 
strength of the solutions was always adjusted so 
that less than 0.3% of the body weight was ad- 
ministered to rats and guinea pigs, and a volume 
corresponding to less than 1% of the body weight 
was given to mice. Solutions of the compounds 
(0.1 M) were prepared, using ethanol as the solvent 
for measurement of the inhibitory action on 
cholinesterase in vitro. The ethanol solutions were 
diluted to the proper molar concentration with 
Ringer-bicarbonate buffer before addition to the 
cholinesterase test system. 

Cholinesterase measurements were performed 
manometrically by the method of DuBois and 
Mangun.” The test system contained 0.3 cc. of 
0.1 M acetylcholine chloride in a final volume of 
3 cc. of calcium-free Ringer-bicarbonate buffer. 
The tissues were homogenized in the buffer and 
50 mg. of brain, 100 mg. of submaxillary gland, 
or 200 mg. of serum was employed for the assays. 
For the in vitro tests solutions of Di-Syston and 
the sulfoxide and sulfone derivatives replaced an 
equivalent amount of buffer in the test system. The 
cholinesterase activity was expressed as microliters 
of carbon dioxide produced per 50 mg. of tissue 
per 10 minutes. 


Results 


The acute toxicity of Di-Syston was 
measured by administering the compound 
intraperitoneally to rats, mice, and guinea 
pigs, and orally to rats and guinea pigs. 
The animals were observed for 10 days, 
since death or apparent complete recovery 
always occurred within this period of time. 
The approximate LDs9 values were esti- 
mated from the mortality data by the loga- 
rithm-probability method. The results of 
these measurements are summarized in 
Table 1. These data indicate that Di-Syston 
exhibits a relatively high toxicity to mam- 
mals within the range of that observed with 
some of the common insecticidal organic 
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TaBLe 1—Acute Toxicity of Di-Syston to Rats, 
Mice, and Guinea Pigs 


Approx. 
Sex Route of Animals, LD 50, 
Administration No. Mg/Kg. 


{Males Intraperitoneal 
| Females Intraperitoneal 
Males Oral 
Females Oral 


Rats 


{ Males Intraperitoneal 
\ Females Intraperitoneal 


Males 
Males 


Mice 


Guinea pigs { 


Intraperitoneal 
Oral 


phosphates such as parathion ' and Systox.* 
Among the species used for these studies 
there was no marked difference in suscepti- 
bility. A comparison of the toxicity of 
Di-Syston by the intraperitoneal and oral 
routes indicated that this compound is well 
absorbed from the gastrointestinal tract. A 
considerable sex difference in susceptibility 
to Di-Syston was noted in rats, males be- 
ing about five times less susceptible than 
females. Similar sex differences in suscep- 
tibility of rats have been noted with other 
thiophosphates. However, the oxygen ana- 
logues do not exhibit this difference. Thus, 
previous studies in this laboratory’? have 
shown that there is no appreciable sex 
difference in susceptibility of rats and mice 
to the oxygen analogue of Di-Syston, These 
findings suggest that differences in the rate 
or extent of conversion of thiophosphates 
to toxic, cholinergic oxygen analogues is 
responsible for the observed sex difference 
in susceptibility to the acute toxic action of 
these compounds. Previous studies in this 
laboratory * on the P=O isomer of Systox 
demonstrated that the LDs5o is 1.5 mg. per 
kilogram for male and female rats by the 
intraperitoneal route. Assuming that the 
toxicity of Di-Syston is dependent upon 
metabolic conversion to the corresponding 
oxygen analogue, comparison of the toxicity 
values for Di-Syston (Table 1) and P=O 
Systox * indicate that efficient conversion of 
Di-Syston to P=O Systox occurs in female 
rats but only about 20% conversion occurs 
in the case of male rats. 


193 


7 
4 
: 
a 
35 10.5 
43 2.0 
30 12.5 
2% 2.6 
35 5.5 
10.8 
By 
4 


Measurements of the acute toxicity of the 
sulfoxide and sulfone derivatives of Di- 
Syston to female mice indicated that the 
LDso values were 5.4 and 5.6 mg. per kilo- 
gram, respectively, for the two derivatives. 
It is interesting to note that the toxicity 
of these derivatives closely resembles that 
of the sulfone and sulfoxide derivatives of 
P=O Systox.* This similarity was expected 
on the basis that the Di-Syston derivatives 
are converted to the corresponding P=O 
Systox derivatives before exerting their 
toxic action. 


The symptoms caused by acutely toxic 
doses of Di-Syston were typical of those 
produced by cholinergic organic phosphates. 
They closely resembled the effects which 
have been described for Systox* and its 
oxygen analogue *7 with respect to time of 
onset, duration, and intensity of action. 
Following intraperitoneal doses around the 
LDs9, symptoms became evident in about 
30 minutes. They consisted of excitability, 
salivation, lacrimation, urination, defeca- 
tion, and muscular fasciculations. The 
symptoms were followed by convulsive sei- 
zures, prostration, and cessation of respira- 
tion after lethal doses of the compound. 
The occurrence of symptoms indicative of 
both the nicotinic and muscarinic actions of 
acetylcholine indicated that the compound 
or its active metabolite gains access to both 
the central and the peripheral nervous sys- 
tems. The time of onset and duration of 
symptoms were dependent upon the dose 
of Di-Syston. After lethal doses death 
usually occurred within the first 48 hours, 
but with doses near the LDs0 death was 
sometimes delayed for several days. 

To ascertain the value of atropine in the 
treatment of poisoning by Di-Syston, rats 
were given 100 mg. per kilogram of atropine 
sulfate followed in 15 minutes by a single 
dose of Di-Syston. Both atropine and the 
organic phosphate were given by the intra- 
peritoneal route. The results of these tests 
demonstrated that atropine affords complete 
protection against mortality from an LDs5o 
of the compound but does not appreciably 
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reduce mortality caused by two times the 
LDs9 of the compound. 


Repeated exposure to Di-Syston at fre- 
quent intervals could occur during the prac- 
tical use of the compound as an agricultural 
insecticide. Thus measurement of the cumu- 
lative action of this insecticide was impor- 
tant from the standpoint of evaluation of 
the possible health hazards associated with 
its use. To obtain information on the sub- 
acute toxicity of Di-Syston, groups each 
containing five rats were given daily intra- 
peritoneal doses of 0.25, 0.5, 1.0, 1.2, or 
1.5 mg. per kilogram of the compound for 
a period of 60 days. The results of mor- 
tality measurements on rats which received 
various daily doses of Di-Syston are shown 


TaBLe 2—Cumulative Toxic Action of Di-Syston 
in Rats 


Days After First 


Me/Kg. Injection Mortality, 


Body Wt. 60 days Mortality 

per Day 0-5 510 10-30 30-60 at 60 days 

Mortality 

0 0 0 0 0 0/5 0 
0.25 0 0 0 0 0/5 0 
0.5 0 0 0 0 0/5 0 
1.0 0 0 1 0 1/5 20 
1.2 2 2 1 5/5 100 
1.5 2 2 1 5/5 100 


in Table 2. The two lowest dosage levels 
produced no mortality during the 60-day 
observation period, and the animals exhib- 
ited none of the characteristic cholinergic 
effects of Di-Syston. Growth of the animals 
in the group which received 0.25 mg. per 
kilogram per day occurred at a normal rate, 
but a daily dose of 0.5 mg. per kilogram 
caused some inhibition of the growth rate 
as shown by the data in Chart 1. The results 
of these measurements indicated that rats 
can tolerate repeated daily doses (0.5 mg. 
per kilogram) equivalent to one-fourth of 
the acute LDs9 without the occurrence of 
mortality. The ability of rats to tolerate a 
total dose of 30 mg. per kilogram given 
over a 60-day period can be attributed to 
at least three factors on the basis of the 
present available evidence. Detoxification of 
part of the administered dose, dissociation 
of the cholinesterase-inhibitor complex, and 
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AL BODY WEIGHT 
uo 


% OF ORIGIN 


10 20 30 «40 50 60 
DAYS 

Chart 1—Effect of various daily doses of Di- 
Syston given intraperitoneally on the body weight 
of rats. Curve A, control; Curve B, 0.25 mg. per 
kilogram; Curve C, 0.5 mg. per kilogram; Curve 
D, 1.0 mg. per kilogram; Curve E, 1.2 mg. per 
kilogram; Curve F, 1.5 mg. per kilogram. 


an unexplained physiological adjustment 
to low cholinesterase levels, all contribute 
to some extent to the ability of animals to 
tolerate relatively high repeated doses of 
Di-Syston. 

An extremely interesting result was ob- 
tained when 1 mg. per kilogram of Di- 
Syston was given daily. After the first two 
doses lacrimation, salivation, urination, and 
tremors occurred, and each succeeding dose 
produced a repeated occurrence of these 
cholinergic effects with a parallel decrease 
in body weight (Chart 1). However, at 
7 to 10 days after the initial dose the ani- 
mals began to recover in spite of continued 
daily treatment with the compound. The 
acquired resistance developed at a remark- 
ably rapid rate. By the 15th day of treat- 
ment the body weight had returned to the 
original level and it then continued to in- 
crease. Only one of the five animals died, 
and this death occurred after the 10th dose 
of Di-Syston. It was apparent from the 
absence of symptoms after the first 10 days 
of treatment that the critical period with 


respect to survival or mortality occurs dur- 
ing the first 10 days when 1 mg. per 
kilogram of Di-Syston is administered intra- 
peritoneally. The ability of animals to adjust 
to organic phosphate-induced depression of 
cholinesterase activity has been observed 
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with Systox by Barnes and Denz ** in feed- 
ing studies. However, the rapidity with 
which resistance can develop was less appar- 
ent in the feeding experiments than in the 
present studies. The results obtained by 
administration of 1 mg. per kilogram of 
Di-Syston daily indicated that rats can tol- 
erate almost one-half of the LDs9 of this 
compound given repeatedly at 24-hour inter- 
vals. However, this dose appeared to rep- 
resent the maximum amount which can be 
tolerated repeatedly. Further evidence in 
support of this possibility was obtained by 
the daily injection of 1.2 mg. per kilogram 
and 1.5 mg. per kilogram of Di-Syston, 
which resulted in mortality of all of the 
animals within the first 30 days of treat- 
ment. 

To obtain information on the anticholin- 
esterase activity of Di-Syston several con- 
centrations of the compound were added to 
the cholinesterase system, using homogen- 
ized rat brain as the source of the enzyme. 
sy plotting the per cent inhibition of en- 
zyme activity against the negative logarithm 
of the inhibitor concentration a straight-line 
relationship was obtained. The results of 
these tests indicated that a final concentration 
of 1.37X10-* M Di-Syston produces 50% 
inhibition of cholinesterase in vitro. Similar 
tests on the sulfoxide and sulfone deriva- 
tives of Di-Syston indicated that molar 
concentrations of 1.7*10-* and 110-4, 
respectively, produced 50% inhibition of the 
enzyme activity. 

Although Di-Syston was relatively inef- 
fective as an inhibitor of cholinesterase in 
vitro, marked cholinergic effects were ob- 
served after administration of low doses of 
the compound to animals. A similar differ- 
ence has been observed in this laboratory 
with Guthion (the dimethoxy ester of 
benzotriazine dithiophosphoric acid),)> and 
it was explainable on the basis of metabolic 
conversion of the parent compound to its 
oxygen analogue, which has a high anticho- 
linesterase activity. To ascertain the effects 
of Di-Syston on cholinesterase activity in 
vivo, groups of female rats were given 


195 


at 
A 
8B 
4 


100 
>~80 
= A 
= 
60 
B 
40 
0612 24 48 72 


HOURS AFTER DI-SYSTON 


Chart 2—Extent and duration of inhibition of 
cholinesterase activity after intraperitoneal ad- 
ministration of 1.25 mg. per kilogram of Di-Syston 
to female rats. Curve A, brain; Curve B, serum; 
Curve C, submaxillary gland. 


1.25 mg. per kilogram (5% of the LDs5o) of 
Di-Syston. At frequent intervals during the 
first 72 hours after administration of the 
compound, groups each containing three ani- 
mals were killed for cholinesterase measure- 
ments on brain, serum, and submaxillary 
glands. The results of these measurements 
are shown in Chart 2, in which each point 
on the curves represents an average value 
for the tissues of three animals. The aver- 
age normal cholinesterase activity of the 
tissues of 10 animals which served as con- 
trols was 108 for brain, 28.1 for submaxil- 
lary glands, and 19.4 for serum, expressed 
as microliters of COs liberated per 50 mg. 
of tissue per 10 minutes. 

As shown by the data in Chart 2, a sub- 
lethal dose of Di-Syston produced marked 
inhibition of the cholinesterase activity of 
both the central and the peripheral nervous 
system as well as the pseudocholinesterase 
activity of serum. No appreciable difference 
in the amount of inhibition of the enzyme 
activity of any of the tissues was noted in 
agreement with symptoms indicative of a 
generalized cholinergic action in vivo. Max- 
imum inhibition of cholinesterase activity 
occurred at three hours after the intraperi- 
toneal administration of Di-Syston, at which 
time 74% to 88% inhibition of the enzyme 
activity of the three tissues was observed. 
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Following the initial inhibition a gradual 
return of the enzyme activity toward normal 
levels was observed, and the rate of reversal 
was essentially the same for all of the 
tissues. At 72 hours after poisoning the 
cholinesterase activity remained 25% to 
41% below the normal levels. The pro- 
longed symptoms produced by sublethal 
doses of Di-Syston are explainable on the 
basis of the slow reversal of the enzyme 
inhibition. 

The ability of rats to tolerate daily ad- 
ministration of relatively high fractions of 
the LDso of Di-Syston (Table 2) stimulated 
our interest in ascertaining the effects of 
repeated doses of the compound on the cho- 
linesterase activity of the tissues. For these 
experiments a series of rats was given 
0.25, 0.5, and 1.0 mg. per kilogram of 
Di-Syston daily by the intraperitoneal route. 
At various intervals groups of three animals 
which received each dose were killed, and 
cholinesterase assays were performed on 
brain and serum. The animals were always 
killed 24 hours after the last injection of 
Di-Syston. The effect of daily administra- 
tion of various doses of Di-Syston on the 
cholinesterase activity of the brains of rats 
is shown in Chart 3, in which each value on 
the curves represents an average of assays 
on the brains of three animals. These data 
show that each of the doses produced a rapid 
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Chart 3.—Effects of daily doses of Di-Syston on 
the cholinesterase activity of rat brain. Curve 4, 
0.25 mg. per kilogram; Curve B, 0.5 mg. per kilo- 
gram; Curve C, 1.0 mg. per kilogram. 
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initial decrease in enzyme activity, the 
amount of inhibition being dependent upon 
the daily dose of Di-Syston. The progres- 
sive decrease in enzyme activity occurred 
only during the first week, after which time 
further treatment with the compound re- 
sulted in maintenance of the enzyme ac- 
tivity at a constant subnormal level. The 
results obtained by daily administration of 
1 mg. per kilogram were particularly inter- 
esting because this dose produced marked 
cholinergic effects and weight loss (Chart 
2) during the first seven days. As described 
above, rapid adjustment then occurred and 
the animals appeared normal although the 
brain cholinesterase remained about 80% 
inhibited. Other assays performed at the 
end of 60 days of treatment with 0.25, 0.5, 
and 1.0 mg. per kilogram per day of Di- 
Syston showed that the brain cholinesterase 
was depressed to an average of 42.6%, 
33.3%, and 14.9% of the normal level, 
respectively, by these daily doses of the 
compound. Cholinesterase assays performed 
on the serum of rats treated daily with Di- 
Syston yielded results which closely resem- 
bled those obtained on brain as shown by 
the data in Chart 4. The results of cholin- 
esterase performed at various 
intervals after the beginning of daily admin- 
istration of Di-Syston aid in understanding 
results of toxicity measurements (Table 2), 
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Chart 4.—Effect of various daily doses of Di- 
Syston given intraperitoneally on the cholinesterase 
activity of serum. Curve A, 0.25 mg. per kilogram; 
Curve B, 0.5 mg. per kilogram; Curve C, 1.0 mg. 
per kilogram. 
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which showed that rats exhibit marked 
symptoms during the first few days of 
treatment with Di-Syston and then undergo 
a rather rapid adjustment to subsequent 
doses of the same magnitude. It is interest- 
ing to note that the period in which the 
symptoms are most pronounced coincides 
with the time during which the cholinester- 
ase activity is undergoing a progressive de- 
Thus, when the depression of 
enzyme activity reaches a maximum with 
a particular daily dose and remains at that 
level, the animals no longer exhibit symp- 
toms. 


crease. 


Comment 


The present investigation was undertaken 
to obtain information on the toxicity and 
mechanism of action of Di-Syston in ani- 
mals. The results of toxicity tests on rats, 
mice, and guinea pigs indicate that this new 
agricultural insecticide may be classed with 
Systox ?* and parathion ?* with respect to 
mammalian toxicity. In view of the rela- 
tively high toxicity of Di-Syston, adequate 
precautions should be taken to avoid expo- 
sure during the practical use of this com- 
pound. Acutely toxic doses of Di-Syston 
produced symptoms which were typical of 
cholinergic drugs. After single doses the 
effects resembled those resulting from exces- 
sive stimulation of the central nervous sys- 
tem, the parasympathetic nervous system, 
and somatic motor nerves. The generalized 
cholinergic action of this compound indi- 
cates that it gains access to both the central 
and the peripheral nervous systems. Treat- 
ment with atropine prevented mortality 
from an LDso of Di-Syston but did not ap- 
preciably reduce the mortality caused by 
two times the LDso of the compound. Under 
comparable experimental conditions atropine 
exhibits a similar degree of effectiveness 
against the lethal action of parathion #* and 
other cholinergic organic phosphates which 
exhibit both central and peripheral actions. 

In view of the possibility that subacute 
poisoning could result from repeated expo- 
sure at frequent intervals during the use 
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of Di-Syston as an agricultural insecticide, 
measurements were made of the cumulative 
toxicity of this compound. The results of 
these measurements demonstrated that rats 
can tolerate relatively high fractions of the 
acute lethal dose given at daily intervals. 
Thus animals which received one-fourth of 
the acute LD59 each day exhibited no mortal- 
ity during a 60-day period of treatment, and 
most of the animals which received one-half 
of the LDso (1 mg. per kilogram) at daily 
intervals survived for 60 days. Animals 
were unable to survive repeated daily doses 
exceeding 1 mg. per kilogram. During the 
course of these experiments it was observed 
that animals are capable of undergoing a 
rather rapid adjustment to repeated treat- 
ment with relatively high doses of Di-Sys- 
ton. This effect was most noticeable in the 
group of animals which received one-half 
of the acute LDs9 of Di-Syston at daily 
intervals. This group of animals exhibited 
marked symptoms and a precipitous de- 
crease in body weight during the first 10 
days of treatment, after which time they 
gained weight and failed to exhibit symp- 
toms when additional daily doses of the 
same magnitude were given. Barnes and 
Denz '* have observed a similar adjustment 
in rats fed diets containing Systox. How- 
ever, the rapidity with which animals can 
undergo this adjustment as shown by the 
present experiments has not been reported 
previously. The results of these experiments 
indicate that subacute poisoning by Di- 
Syston requires repeated exposure to rela- 
tively high fractions of the lethal dose. Since 
pronounced symptoms occur during the first 
few days of exposure to doses of this mag- 
nitude, fatal subacute poisoning in man 
could be avoided by preventing further ex- 
posure after the first occurrence of symp- 
toms referable to Di-Syston are noted. 
The toxicity and cholinergic action of 
Di-Syston are explainable on the basis of 
inhibition of cholinesterase. However, the 


parent compound is not sufficiently effective 
as a cholinesterase inhibitor to account for 
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the high toxicity of the compound to mam- 
mals. This conclusion is based on the find- 
ing that relatively high concentrations of 
Di-Syston are required to inhibit the cho- 
linesterase activity of animal tissues in vitro. 
Previous studies in this 1" and other labora- 
tories®!° have shown that purified 
cholinergic thiophosphates are ineffective 
inhibitors of cholinesterase but are converted 
by the liver to their corresponding oxygen 
analogues, which exert a strong inhibitory 
action on cholinesterase. Since sublethal 
doses of Di-Syston markedly inhibit the 
cholinesterase activity of rat tissues in vivo, 
it appears that this compound undergoes a 
similar metabolic change resulting in the 
transformation of a nontoxic compound to 
a highly toxic anticholinesterase agent. In 
the case of Di-Syston the oxygen analogue 
is P=O Systox whose toxicity has been 
investigated previously in this laboratory.’ 
If complete conversion of Di-Syston to its 
oxygen analogue occurs in vivo, the toxicity 
of Di-Syston should closely resemble that of 
P=O Systox. A comparison of the toxicity 
of Di-Syston (Table 1) and P=O Systox * 
indicates that there is a close similarity 
between the toxicity of these compounds 
to mice, rats, and guinea pigs. An exception 
was noted in the case of male rats, which are 
considerably less susceptible to the acute 
toxic action of Di-Syston than to its oxygen 
analogue. A similar sex difference has been 
observed 1*:16 with other thiophosphates but 
not with their oxygen analogues. It there- 
fore appears that this difference is due to 
inefficient conversion of the thiophosphates 
to their corresponding oxygen analogues by 
the liver of male rats in vivo. 


Dept. of Pharmacology, University of Chicago. 
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Radiochemical Analysis of Strontium and Barium 


in Human Urine 


L. B. FARABEE, A.B., Oak Ridge, Tenn. 


The increasing application of nuclear 
energy in power reactors has created poten- 
tial health hazards with regard to the proc- 
essing and disposal of liquid fission product 
wastes. The protection of personnel who 
work directly with these fission products as 
well as the population at large who are 
exposed through water and food supplies is 
of vital concern to the health physicist. Of 
particular interest is the ingestion of 
Strontium-90, which is considered the most 
hazardous of all the fission products. About 
60% of the ingested Sr® is taken up from 
the gastrointestinal tract, and a large part is 
eventually deposited in the bone.t Sr® is 
hazardous because of its long half-life, the 
high retention in the body, and the slow 
rate of elimination. The application of ex- 
cretion analyses for estimating the amount 
of Sr® in the body requires that one have 
a prior knowledge of the relationship be- 
tween total body burden and excretion level 
as a function of time after exposure. Al- 
though some data have been collected from 
experimental animals, yet a great need still 
exists for excretion rates applicable to man. 

A urinalysis method, to be most useful 
for routine analysis, should be rapid and 
simple, and should also provide for the 
removal of K* and the organic and inor- 
ganic solids. This purification is necessary 
to eliminate self-absorption by the sample 
and the radiations from K* in particular. 
Although this procedure is more time-con- 
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suming than one might wish, the method is 
(1) simple in operation, (2) specific for 
radiostrontium and radiobarium, and (3) 
provides excellent separation from K*. 
Most of the separations are carried out on 
a cation exchange resin column. There is 
no necessity for adding either strontium 
or barium “carriers”; thus this procedure 
will be useful for analyzing either urine or 
bone for the presence of minute amounts of 
these elements in samples containing large 
amounts of calcium and magnesium. 

The method depends on the coprecipita- 
tion of strontium and barium isotopes with 
the alkaline earth phosphate from an alkaline 
solution, the preferential chelation by 
edathamil (Versene) of calcium and mag- 
nesium and barium at a 
the adsorption of 
barium on a 


over strontium 
controlled pH, 
strontium and 


ionic 
Dowex-50 
(cation-exchange resin) column, the separa- 
tion of the adsorbed calcium and magnesium 
from the resin with a solution of citric acid 
and edathamil at pH 5.0, removal of the 
sodium from the resin with 0.5 N_ hydro- 
chloric acid, and a final elution of the 
strontium and barium with 6 N nitric acid. 


Part I. The Alkaline Phosphate 
Precipitation 


A short approach to a urinalysis proce- 
dure would be to use the urine directly 
without preliminary concentration by pre- 
cipitation. However, certain difficulties arise 
in using urine directly with ion-exchange 
resins in a separation procedure. The high 
concentration of dissolved salts, as well as 
the variability in individual specimens, and 


.the presence of organic matter in urine 


makes a preliminary precipitation an impor- 
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tant adjunct in this procedure. Quantitative 
recovery of barium and strontium can be 
achieved by the precipitation of the calcium 
and magnesium of the urine as a phosphate 
in a basic medium. Since these elements do 
not form complexes with the organic mate- 
rials present in urine, the precipitation can 
be carried out directly, thereby avoiding the 
laborious task of ashing the urine samples. 


The precipitate contains calcium, magne- 
sium, phosphates, plus an indeterminate 
amount of sodium, potassium, and organic 
material adsorbed on the gelatinous precipi- 
tate. The remaining organic matter can be 
destroyed by wet ashing with nitric acid 
and hydrogen peroxide. The residual inor- 
ganic matter is dissolved in dilute HCI and 
diluted to 800 ml. with distilled water. The 
separation of the radiostrontium and radio- 
barium from the calcium and magnesium is 
done on a Dowex-50 resin column. 


Part II. Preparation of the Column 


eds of 50-100 mesh Dowex-50X 12 * are 
prepared in a Pyrex glass column 18.5 cm. 
long and 1.8 cm. inside diameter. The 
bottom is fitted with a one-way stopcock in 
a one-hole rubber stopper. Glass wool over 
the rubber stopper holds the resin bed. A 
6-in. Pyrex funnel fitted to the top of the 
glass column with a rubber tubing serves 
as a reservoir for the feed and wash solu- 
tions. The Dowex-50 resin is converted to 
the sodium cycle by regenerating with so- 
dium chloride. The resin which has been 
used in urinalysis can be reused by convert- 
ing to the sodium cycle. 

It is expedient to keep the amount of 
resin used to a minimum in order to reduce 
the volume of elutriant solutions and thereby 
reduce the time required to perform a single 
analysis. [Experimentally it was found that 
16.3 gm. of resin (air-dried) or about 25 
ml. by volume (wet form) was sufficient for 
an individual analysis, 

* Product of Dow Chemical Company, Midland, 


Mich. 
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Part III. Operation of the Column 


The planning and interpretations of ion- 
exchange separation schemes are dependent 
upon a knowledge of the interactions among 
the adsorbing ions, the eluting ions, and the 
exchanger. Most ion-exchange separations 
are performed under nonequilibrium condi- 
tions. However, a knowledge of equlibrium 
states furnishes a rapid and reliable method 
for evaluating the effect that chemical vari- 
ables will have upon nonequilibrium opera- 
tions. Equilibrium studies show that (1) 
the affinity of a cation exchanger for the 
alkaline earths will be Bat*+> Sr*+t+> 
Cat++> Mg++; (2) the ease of removal 
of the alkaline earths by citrate solutions is 
just the reverse, and (3) alkaline earths 
vary in the ease by which they are com- 
plexed by edathamil as indicated by their 
stability constants.* From such data one 
would expect the order of elution from a ca- 
tion exchange resin to be Cat+ > Mgt+> 
Sr+t*+> Batt. The difference in the 
adsorption of calcium and strontium on 
Dowex-50 resin in the presence of excess 
edathamil is shown in the Figure. It will 
be noted that edathamil becomes a less effi- 
cient chelating agent as the pH is decreased, 
and is also more effective for chelating cal- 


sr®® Co*® IN AQUEOUS PHASE 


PERCENT OF 


Distribution of carrier free Sr and Ca® in a 
1% _ solution of disodium dihydrogen edathamil 
equilibrated with 1 gm. of Dowex-50 (50 to 100 
mesh) as a function of pH. 
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cium than strontium in the pH range of 
4.5 to 6.0. 

This urinalysis procedure was designed 
to handle up to 800 mg. of calcium and 200 
mg. of magnesium per sample. This is more 
calcium than is excreted per day. The stron- 
tium analysis is made on the supernate after 
plutonium separation, where 600 mg. of 
calcium is added to the urine sample prior 
to the plutonium analysis. It was expedient 
to use one urine sample for both plutonium 
and strontium analyses. This quantity of 
alkaline earths would exceed the capacity 
of the resin column described above. There- 
fore, it was necessary to minimize the 
adsorption by adding sufficient edathamil to 
chelate all of the alkaline earths, and adjust- 
ing the pH of the solution to 5.5 prior to 
putting this feed solution over the resin 
column. In this manner, 97% of the calcium 
and about 50% of the magnesium would 
pass through the resin bound in nonionic 
form as a edathamil chelate, while the ionic 
strontium and barium are retained on the 
resin. The effluent loss of Sr*® was less than 
0.2%. 

From experimental runs it was found 
that 15 to 25 mg. of calcium and 40 to 50 
mg. of magnesium remained on the resin 
column. This residual calcium and magne- 
sium can be moved from the resin, without 
loss of strontium, by passing over the col- 
umn an elutriant solution composed of a 
mixture of 0.75% technical grade Versene, 
1% citric acid adjusted to a pH of 5.0 with 
sodium hydroxide. The calcium is removed 
by the Versene while the magnesium is 
removed by the citrate. 

After removal of the calcium and mag- 
nesium only strontium, barium, and sodium 
remain on the column. Since the Dowex-50 
resin had been put on the sodium cycle in 
preparation for urinalysis, the sodium must 
be removed in order that the final eluate 
can be evaporated and prepared for counting 
without further chemical purification; 800 
ml. of 0.5 N HCl put over the column at 
a flow rate of 4+0.8 ml/min/cm.? will 
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elute all of the sodium and only about 0.2% 
of the strontium. 


Part IV. Elution and Preparation 
for Counting 


The final step in the procedure is the 
elution of the strontium and barium from 
the resin column. This is done with 200 
ml. of 6 N HNOs at a flow rate of 2 
ml/min/em*. This volume of acid will elute 
99.6% of the strontium and barium. The 
eluate is evaporated to near dryness at a 
temperature slightly below the boiling point, 
and is transferred to a stainless steel dish 
for counting. The density of the inorganic 
residue in the counting dish will be less 
than one mg/cm?*; therefore self-absorption 
of the beta radiation by the sample will be 
nil. 


Separation from Other Fission Products 
and Also 

The determination of radioactive stron- 
tium in urine at low levels requires complete 
separation from other fission products, and 
also K**. This procedure provides a separa- 
tion factor of 310* from fission products 
other than radioactive strontium and barium. 
A 24-hour urine specimen will contain about 
3400 d/m. beta due to K**. Using this pro- 
cedure on urine samples from 17 persons 
who had no known exposure to fission prod- 
ucts, the average beta activity was 2.8 d/m. 


Results 


The more detailed studies of the various 
steps indicated that the average loss of 
Sr*® tracer in the phosphate supernate is 
less than 0.5%, while the total losses in the 
column operation are less than 1%. At 
Sr*® tracer levels of about 75 c/m., the re- 
covery in 22 runs was reproducible to 
+2.5%. Although it would be desirable that 
this procedure be specific for strontium, 
radioactive barium is recovered along with 
strontium. However, owing to its shorter 
half-life the probability that radiobarium 
will be present in a urine sample is small. 
This procedure may find application to the 
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Appendix 


Reagents and Apparatus 
Motor stirrer 
3eckman G. pH meter 
Concentrated hydrochloric acid and nitric acid 
Phosphoric acid C. P. 
Sodium hydroxide C. P. 
30% hydrogen peroxide C. P. 
Eriochrome Dye T solution 
(Mix 0.5 gm. Eriochrome Dye T with 4.5 gm. 
hydroxylamine hydrochloride. Dissolve in 100 
ml. of ethyl alcohol and filter) 
Tetrasodium edathamil 7.5% 
(Dissolve 75 gm. tetrasodium ethylenediamine- 
tetraacetic acid (technical grade) in about 800 
ml. distilled water. Filter and dilute to 1 liter) 


Chemical Procedure 


1. Add concentrate HCl to a 1500 ml. urine 
sample to make the urine 0.1 N in HCl and 
heat the sample to a temperature of about 85 
to 90 C. 

2. Add 6 ml. of 6 M_ phosphoric acid; stir 
vigorously with an electric motor stirrer, and 
add slowly 6 M sodium hydroxide until a basic 
phosphate is visible. Continue the addition until 
the pH of the solution is about 9. 

3. Allow the precipitate to settle for two hours 
or longer, and decant the supernate by suction. 
Pour the remaining slurry into a centrifuge 
cup and centrifuge the precipitate at 1500 rpm 
for five minutes. Discard the supernate. 

4. Dissolve the precipitate in 15 ml. concentrated 

HNOs, and pour the solution into a 2-liter 

beaker. Destroy the organic matter by heating 

the solution and alternately adding conc. 

HNOs and 30% hydrogen peroxide. Repeat the 

oxidation until a white residue remains. 

Dissolve the precipitate in a minimum of dilute 

hydrochloric acid. Build the volume to about 


800 ml. with distilled water. 

6. Place the electrodes of a pH meter in the 
solution; stir with an electric motor stirrer, 
and add 1 N sodium hydroxide until the pH 
is about 9.0. Add 2 ml. of Eriochrome Black T. 


Farabee 


STRONTIUM AND BARIUM IN HUMAN URINE 


7. Add a solution of 7.5% technical grade Versene 
until the indicator changes from wine red to 
blue at pH 10.5. This point indicates complete 
chelation of all alkaline earths. 

8. Reduce the pH to 5.5 with HCl, and pass this 
solution over the resin column at a flow rate 
of not greater than 8 ml/min/cm*. Wash the 
walls of the funnel with distilled water. Dis- 
card the effluents. 

9. Pass 800 ml. of a solution of 1% citric acid 
and 0.75% EDTA over the resin column 
at a flow rate of 4+0.8 ml/min/cm.? (10.93 gm. 
citric acid monohydrate, 100 ml. of 
EDTA; dilute to one liter, and adjust the 
pH to 5.0 with 6 M NaOH). 
effluent washes. 

10. Pass 800 ml. of 0.5 N HCl over the resin 
column at a flow rate of 4+0.8 ml/min/cm’. 
Discard the effluent wash. 

11. Pass 200 ml. 6 N HNOs over the resin at a 
flow rate of 2 ml/min/cm’. 

12. Catch the eluate in a 400 ml. beaker. Evapo- 
rate the eluate to almost dryness at a tempera- 
ture just below the boiling point. Wash the 
contents into a 50 ml. beaker with nitric acid 
and distilled water. (This transfer to the 
small beaker facilities the final transfer to a 
counting dish.) 


7.5% 


Discard the 


13. Evaporate the liquid to dryness. Dissolve the 
residue in about 0.5 ml. of IN HNOs. Transfer 
this liquid to a counting dish,* using a pipette. 
Wash the walls of the beaker with another 
0.5 ml. of acid, and add this to the dish. 

14. Dry under an infrared lamp. The beta activity 
of the sample can be counted in a conventional 
end window Geiger-Mueller counter. 


* This counting dish is made from a circular 
piece of Type 304 stainless steel 134 in. in diameter 
and 0.005 in. thick. A cup, 1 in. in diameter and 


0.125 in. in depth, is the die-pressed for holding the 
sample. 
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Introduction 


Among the more important theories of 
the developmental mechanism of. silicosis, 
the “solubility theory” has aroused most 
interest. It was first advanced by Gye and 
Kettle ' and has since been discussed mainly 
by King.” As a result of this interest, the 
chemistry and the biologic effects of silicic 
acid have received detailed study in recent 
years. The investigations, however, have 
been hampered by the difficulty of producing 
well-defined silicic acids. 

It has been the purpose of this investi- 
gation to study the toxicity of freshly pre- 
pared supersaturated solutions of silicic acid 
and to follow the change in toxicity when 
these solutions are permitted to age and 
colloidal polymerized silica and/or a gel is 
eventually formed. 


Survey of the Literature 


It has long been known that silicic acids 
precipitate protein (Graham *). Mylius and 
Groschuff + showed that a solution of silicic 
acid of low molecular weight (a-Kieselsaure), 
produced by neutralizing a dilute solution of 
sodium silicate, did not precipitate protein 
until the solution had aged and_ higher 
polymers (B-Kieselsdure) had formed. Sub- 
sequently the term “oligosilicic acid” was 
introduced ** for and other 
lower silicic acids, and “polysilicic acid” for 
the protein-precipitating forms. In the lit- 
erature relating to the chemical aspects of 


monosilicic 


silicosis, silicic acids of low molecular weight 
which give the ammonium molybdate reac- 
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tion to oligoacids are now generally called 
AMR silica (ammonium molybdate reactive 
silica). All higher acids which do not show 
this reaction are called polysilicic acids, or 
CF (colloidal polymerized silica). 
Weitz, Franck, and Schuchard ® observed 
that monosilicic acid reacts completely with 
molybdie acid within 75 seconds at 20 C, 
while disilicic acid reacts completely within 
10 minutes and higher silicic acids require 
still more time. It thus seems probable that 
the chemically inexact designation AMR 
silica comprises in the first place monosilicic 
and disilicic acids and, possibly, also tri- 
silicic acid, 

That colloidal silica has an acute toxic 
effect was first demonstrated by Gye and 
Purdy ® and has later been confirmed by 


silica 


Dale and King," summarizing, 
state that earlier experiments “have seemed 
to imply that at a certain stage of division 
of ‘colloidal’ size silica become intensely 
toxic, that particles (from 
about 0.1 to 10”) produce the slow chronic 
fibrogenic response of silicosis and no acute 
toxic effect, and that molecularly dispersed 
silicic acid is freely diffusible through ani- 
mal tissues and membranes and is nontoxic 
and readily excreted by the kidney,” and 
that “the acutely toxic pharmacological ef- 
fect of silica is a matter of particle size 
and is given only by suspended silica of 
Scheel, Fleisher and 
Klemperer ** found that the toxicity was 
manifest only if the solid phase was present 
in the tissue. They also stated that “silicic 


larger-sized 


colloidal dimensions.” 


acid (H2SiO;) does not produce a_ toxic 
action in the body, does not react with the 
proteins, and is rapidly excreted from the 
body via the urine.” Klosterkétter 
Jotten™ pointed out “dass die reine 
molybdataktive Kieselsaure unschadlich ist.” 


and 
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TOXICITY OF SILICIC ACID 


The biologic effect of presumptive mono- 
silicic acid has generally been studied with 
inexactly defined lower silicic acids (0.10 
to 0.17 mg. of SiO per milliliter in satu- 
rated equilibrium solution) .!**5 As a rule, 
the solutions were not electrolyte-free and 
their pH was not always defined. These 
factors may have influenced the degree of 
polymerization of silicic acid and may thus 
explain the highly varying results. 

Monosilicic acid solution has never been 
produced (Iler?*). The dialysis procedure 
used by previous investigators for obtaining 
electrolyte-free silicic acid solutions is time- 
consuming, and most determinations are 
made after a lapse of time sufficient to change 
radically the aggregation of the monosilicic 
acid into higher acids. Now, however, 
AMER silica of very low polymerization can 
be produced in electrolyte-free aqueous solu- 
tion. Alexander ™* described the preparation 
of a 0.1 M supersaturated solution of al- 
most pure monosilicic acid by the reaction 
of crystalline sodium metasilicate with the 
hydrogen form of a cation-exchange resin 
at about 0 C. The degree of polymerization 
of the monosilicic acid in the freshly pre- 
pared solution was about 1.1 as determined 
by a cryoscopic method. 

Willstatter, Kraut, and Lobinger * showed 
that polyhydric compounds have the capacity 
to delay considerably the polymerization of 
silicie acid. 


Methods 


Preparation of Silictc Acid—As ion exchanger 
we used the hydrogen form of Dowex-50 (an ion- 
exchange resin) (50 to 100 mesh), which had 
previously been washed with 5% HCl and then 
carefully washed free from Cl-ions. The resin, 
about 60 gm. was packed in a standard type column 
(according to Samuelson“) with a diameter of 
27 mm. The sodium metasilicate solution was 
made from pulverized crystalline NasSiOs. 9 HO, 
Baker analyzed reagent. The silicate 
(usually 250 ml. of 0.1 M sodium silicate solution) 
was prepared immediately before pouring it 
through the column, in order to retard the poly- 
merization. The first 50 ml. from the column was 
discarded and about 150 ml. of the supersaturated 
silicic acid solution was collected. The pH of the 
freshly prepared acid was about 4.5 and was found 


solution 
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to remain about the same throughout the period 
of observation. The acid was obtained in the form 
of a clear solution free from undesired electro- 
lytes. No additions were made to the solution. 
As a rule the biologic investigation was begun 
within half an hour after the preparation of the 
acid. 


The silica content in the solution was determined 
by evaporating a sample of the solution to dryness, 
heating at 900 C for two hours, weighing and 
fuming off the silica with hydrofluoric acid, 
igniting, and reweighing. No potassium could be 
demonstrated in the solution. 

Immediately after preparation, some of the solu- 
tion diluted with an aqueous solution of 
hydroxyethylcellulose, so that the mixture con- 
tained 0.44 mg. of cellulose derivative per milliliter. 
Ten to fifteen minutes after this dilution the mix- 
ture became slightly opalescent. 


was 


Determination of the Degree of Polymeriza- 
tion—The silicic acid was prepared at room 
temperature. Its content of AMR silica was deter- 
mined by the method of King™ immediately after 
preparation and also during the following days. 

Determination of Toxicity—For biologic testing 
of the toxicity of the silicic acid at various inter- 
vals, we used the technique of Dale and King,” 
with fractionated injections into the tail vein of 
unanesthetized mice until the animals died. The 
interval between the single injections was one 
minute. The solution was diluted immediately 
before the tests so as to produce death after 3 to 
5 injections, a method which earlier studies 
(Swensson, Glomme, and Bloom”) had shown to 
be appropriate. 


™g/mi 
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Fig. 1.—Content of AMR silica in the solution 
at_various times after the preparation. Ordinate : 
milligrams of anhydrous SiO: per milliliter of 
solution. 
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Results 


Polymerization.—About 10 
minutes after preparation of the solution, 
AMR silica comprised approximately 50% 
of its total SiO. content, but then diminished 
rapidly (lig. 1). After 48 hours the content 
of AMR silica was practically constant and 
approached the saturation value for silicic 
acid in water, i. e., about 2 mM. solution 
(0.120 to 0.140 mg. SiOz per milliliter). 

The degree of polymerization of CP silica 
is difficult to determine, and we were unable 
to make any such assessment. It is probable 
that mixtures of acids were present which 
gradually gained in molecular weight. 

Toxicity.—The mean lethal dose of the 
silicic acid within half an hour after the 
preparation was 5.4 mg. SiOz per 30 gm. 
mouse. The value was obtained in 
tests with two solutions of silicic acid pre- 
pared on separate occasions and with some- 
what dissimilar concentration, viz., 7.44 and 
8.48 mg/ml. 

the toxicity 
showed a fairly rapid increase. After about 
a month the lethal dose was roughly one- 
eighth of that originally found. There was 
then a slow, continuous rise in toxicity 
throughout the 80 days of the observation 
period. At the end of that time the lethal 
dose was about 4,9 of the initial value 
(Fig. 2). The lethal dose after 80 days was 


Jeqree of 


same 


silicic acid aged, its 
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comparable with that found by Swensson, 
Glomme, and Bloom *° for very fine par- 
ticled (0.01 to 0.02”) amorphous silica. The 
toxicity of the latter was approximately 
0.20 mg. per 30 gm. mouse, as compared 
with the maximum of 0.28 mg. per 30 gm. 
in the present experiments. 

When _ hydroxyethylcellulose was added, 
the toxicity of the solution rose from 5.4 
mg. SiOz, per 30 gm. mouse immediately 
before the addition to 3.8 mg. about 15 
minutes afterward. This toxicity level, and 
also the appearance of the solution, remained 
largely unaltered when it was stored at room 
temperature up to three months. 


Comment 

The degree of polymerization of the acid 
used in our experiments initially was higher 
than that reported by Alexander 7! (1.1 to 
1.5). 
tions of silicic acid were prepared at room 
temperature. 

During the first two days (3000 minutes ) 
after preparation of the solution, we fol- 
lowed indirectly the course of polymeriza- 
tion by determining the content of AMR 
silica. The diminution of this acid can be 
expressed in the equation 1/c—1/c,=kt, 
where c=the concentration of AMR silica in 
milligrams of anhydrous SiOz per milliliter 
of solution, c,=the total concentration of 


This was probably because our solu- 


Fig. 2.—Acute toxicity 
in the mouse of the solu- 
tions of silicic acid at 
various times after the 
preparation. Lethal dose 
is given as milligrams of 
anhydrous per 30 
gm. of body weight. Each 
determination represents 
the mean of 8-15 mice. 
The markings (-, O, X) 
represent solutions of dif- 
ferent concentrations, 
viz., 6.08, 7.44, and 8.48 
mg. SiOs/ml. 
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TOXICITY OF SILICIC ACID 
ve 
Fig. 3.—Polymerization $0 
of AMR silica. The 1 
curve shows the diminu- as 
tion of AMR silica with 40] 
increase of time after 
preparation of the solu- 30 
tion. The curve shows ° 
that the polymerization 
initially follows a second- —20 
degree reaction. C=AMR 
silica as milligrams of 10 
anhydrous SiOz per mil- 
liliter of solution. “a 
1000 2000 3000 4000 5000 min. 


SiOz in milligrams per milliliter, ‘=the time 
in minutes, and k =a constant: 
ml/min. mg. (Fig. 3). This is in conformity 
with Alexander’s*! observation that the 
polymerization of monosilicic acid within 
the pH region in question is a second-order 
reaction. After two days the content of 
AMR silica approached asymptotically the 
value for the equilibrium concentration. 

Schwarz and Knauff ** prepared a solu- 
tion of silicic acid containing 12.7 mg. of 
SiOz per milliliter by hydrolysis of an 
orthosilicate methyl ester studied it 
cryoscopically. After three to six days the 
silicic acid was present mainly as pentasilicic 
and hexasilicic acids. These writers also 
assumed the existence of a tetrasilicie acid. 
Sillén and Lagerstr6ém,* from E. M. F. 
force) measurements on 
silica acid equilibrium in a constant ionic 
medium and subsequent mathematical treat- 
ment according to Sillén,** also found evi- 
dence for a relatively dominant ring-shaped 
tetrasilic acid in equilibrium with other 
complex polynuclear Alexander *! 
reported a polymerization degree of about 
5 in a 60-hour-old solution of silicic acid 
at pH 4.36 and at 1.9 C. This corresponds 
to a molecular weight of approximately 300 
on an anhydrous SiOz basis. 

Willstatter, Kraut, and Lobinger® re- 
ported a molecular weight of more than 
1000 after six days; they considered that 
most of the unpolymerized acid was present 
as a disilicic acid. Brintzinger * hydrolyzed 
tetraethyl orthosilicate and found a molec- 
ular weight of 290 after 2 days, correspond- 
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acids. 
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ing to a pentasilicic acid; after 45 days the 
molecular weight was 8260. 

It is thus clear that rising toxicity of 
silicic acid in animal experiments must be 
considered against the background of in- 
creasing polymerization of the acids and 
higher molecular weight of the mixture in 
solution, perhaps up to 1000-10,000. The 
possibility of the latter weight receives 
support from the investigations of Bau- 
mann,”® in which molecular weights up to 
30,000 were obtained by centrifugation of 
acids prepared by dissolving Aerosil (a 
brand of silicic acid). 

We made no attempt to hinder appreciably 
the polymerization of the monosilicie acid. 
Alexander *! found that the monosilicie acid 
in his experiments was most stable in solu- 
tion at 2 C and pH about 3.2. By preparing 
and storing our solutions at low temperature 
and by adjusting the pH to 3.2, we obviously 
could have increased its content of AMR 
silica during the first days. 

As the silicic acid solutions aged, gelling 
gradually commenced; it was first discern- 
ible after 8 to 14 days. The gelling was 
progressive. Some of the gel became fixed to 
the walls of the flask, so that the content 
in the “solution” was somewhat lower to- 
wards the end of the experiment than at its 
beginning. The observed lethal dose in the 
terminal experimental period was thus some- 
what lower than the figure reported, but this 
has no essential significance for the results, 
which showed rising toxicity with the age 
of the solution and with the resultant poly- 
merization of the silicic acid. 
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Hydroxyethylcellulose was added to study 
the toxicologic effect of possible hydrogen 
bonding, since Ier?* has stated that such 
complexes form between some hydrogen 
bonding agents and silicic acid. We found 
that addition of hydroxyethylcellulose very 
rapidly produced a rise in toxicity and some 
opalescence, which may reasonably be at- 
tributed to initially accelerated polymeriza- 
tion, The toxicity subsequently was 
unaltered. For comparison, it may be 
mentioned that Alexander?! demonstrated 
acceleration of the rate of polymerization 
by addition of another polyhydric compound, 
mannitol. 

Our findings may thus indicate that a 
primarily formed hydrogen bonding between 
the hydroxyethylcellulose and the silicic acid 
hindered continued polymerization. A similar 
mechanism may be presumed to have 
operated in the diminution of toxicity ob- 
served by Klosterkétter,?* when polyvinyl- 
pyrrolidone was added to amorphous silica 
of colloidal dimensions. 


Summary 

A practically pure silicic acid in super- 
saturated solution was produced by ion 
exchange. 

The content of low polymerized AMR 
(ammonium molybdate reactive) silicic acid 
was observed during the first days after 
preparation. The concentration fell rapidly, 
and after two days was almost equal to the 
equilibrium concentration. 

The polymerization and formation of CP 
(colloidal polymerized) silica continued, and 
gel formation was observed after about two 
weeks, 

The primarily formed, low molecular 
silicic acid had a low toxicity; the lethal 
dose for mouse was 5.4 mg/30 gm. on 
fractionated injection intravenously. 

As polymerization progressed, the toxicity 
increased, rapidly at first and then more 
slowly. 

After 80 days the lethal dose, 0.28 mg/30 
gm, mouse, was similar to the toxicity of 
very fine synthetic amorphous silica (aver- 
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age particle size about 0.010,), i.e., 0.20 
mg/30 gm. 

Addition of hydroxyethylcellulose to delay 
polymerization gave some immediate rise in 
toxicity, which was not subsequently in- 
creased. 


REFERENCES 


1. Gye, W. E., and Kettle, E. H.: Silicosis and 
Miners’ Phthisis, Brit. J. Exper. Path. 3 :241-251, 
1922. 

2. King, E. J.: Solubility Theory of Silicosis: 
Critical Study, Occup. Med. 4:26-49, 1947. 

3. Graham, T.: On Liquid Diffusion Applied to 
Analysis, J. Chem. Soc. 15:216-270, 1862. 

4. Mylius, F., and Groschuff, E.: a- 
B-Kieselsaure in Losung, Ber. deutsch. 
Gesellsch. 39:116-125, 1906. 

5. Willstatter, R.; Kraut, H., and Lobinger, K.: 
Zur Kenntnis der Kieselsaure (1X. Mitteilung 
uber Hydrate und Hydrogele), Ber. 
chem. Gesellsch. 58 :2462-2466, 1925. 

6. Willstatter, R.; Kraut, H., and Lobinger, K.: 
Uber die einfachsten Kieselsauren, mit Bemer- 
kungen uber Aluminiumhydroxyde (XI. Mitteilung 
uber Hydrate und Hydrogele), Ber. deutsch. chem. 
Gesellsch. 61 :2280-2287, 1928. 

7. Willstatter, R.; Kraut, H., and Lobinger, K. : 
Zur Kenntnis der Monokieselsaure und der Kiesel- 
saure (XII. Mitteilung ttber Hydrate und Hydro- 
gele), Ber. deutsch. chem. Gesellsch. 62 :2027-2034, 
1929. 

8. Weitz, E.; Franck, H., and Schuchard, M.: 
Silicic Acid and Silicates, Chem. Ztg. 74 :256-257, 
1950. 

9. Gye, W. E., and Purdy, W. J.: The Poison- 
ous Properties of Colloidal Silica: I. The Effects 
of the Parenteral Administration of Large Doses, 
Brit. J. Exper. Path. 3:75-85, 1922. 

10. Modell, W. C., and Salzman, C.: Pharma- 
cology of Silica: Effects and Mechanism of 
Action of Fatal Intravenous Doses of Silicic Acid, 
J. Lab. & Clin. Med. 26:774-785, 1941. 

11. Dale, J. C., and King, E. J.: Acute Toxicity 
of Mineral Dusts, A.M. A. Arch. Indust. Hyg. 
7 :478-483, 1953. 

12. Antweiler, H.: Untersuchungen zur Frage 
der akuten Organwirkung geléster Oligo- und 
Poly-Kieselsauren im  Tierexperiment, 
Silikoseforsch. 29:17-52, 1954. 

13. Scheel, L. D.; Fleisher, E., and Klemperer, 
F. W.: Toxicity of Silica: I. Silica Solutions. 
A. M.A. Arch. Indust. Hyg. 8 :564-573, 1953. 

14. Klosterkétter, W., and Jétten, K. W.: Die 
Wirkung verschiedener Kieselsaure-Formen im 
Tierexperiment, Arch. Hyg. 137 :625-636, 1953. 

15. Lihning, W.: Uber pharmakologische Wir- 
kungen geloster Kieselsaure mit niedrigem und 


und 
chem 


deutsch. 


Beitrage 


Vol. 17, March, 1958 


“ay 

4 

ifr 

a 


TOXICITY OF SILICIC ACID 


hohem Polymerisationsgrad, Beitr. Silikoseforsch. 
28 :31-49, 1954. 

16. Her, R. K.: The Colloid Chemistry of Silica 
and Silicates, Ithaca, N. Y., Cornell University 
Press, 1955. 

17. Alexander, G. B.: The Preparation of Mono- 
silicic Acid, J. Am. Chem. Soc. 75 :2887-2888, 1953. 

18. Samuelson, O.: Ion Exchangers in Ana- 
lytical Chemistry, New York, John Wiley & Sons, 
Inc., 1953. 

19. King, E. J.: The Colorimetric Determination 
of Silicon in Micro-Analysis of Biological Material 
and Mineral Dust, Analyst 80:441-453, 1955. 

20. Swensson, A.; Glomme, J., and Bloom, G.: 
On the Toxicity of Silica Particles, A.M. A. 
Arch. Indust. Health. 14 :482-486, 1956. 

21. Alexander, G. B.: The Polymerization of 
Monosilicic Acid, J. Am. Chem. Soc. 76:2094- 
2095, 1954. 

22. Schwarz, R., and Knauff, K. G.: Uber 
Alkoxysilane und Oligokieselsauren, Ztschr. anorg. 
u. allg. Chem. 275 :176-192, 1954. 


Glomme et al. 


23. Sillén, L.-G., and Lagerstrom, G.: Personal 
communication to the authors. 

24. Sillén, L.-G.: On Equilibria in Systems with 
Polynuclear Complex Formation: I. Methods for 
Deducing the Composition of the Complexes from 
Experimental Data. “Core + Links” Complexes, 
Acta chem. scandinav. 8:299-317, 1954; II. Testing 
Simple Mechanisms Which Give “Core + Links” 
Complexes of Composition B(A:B)a, ibid. 8:318- 
335, 1954. 

25. Brintzinger, H., and Brintzinger, W.: Zur 
Kenntnis der molekulardispers gelosten Kiesel- 
sauren und Titansauren, Ztschr. ang. Chem. 196: 
44-49, 1931. 

26. Baumann, H.: Uber die Auflésung von SiOs 
in Wasser, Beitr. Silikoseforsch. 37 :45-71, 1955. 

27. Iler, R. K.: Association Between Polysilicic 
Acid and Polar Organic Compounds, J. Phys. 
Chem. 56 :673-677, 1952. 

28. Klosterkotter, W.: Weitere Untersuchungen 
uber die Gewebswirkung kolloidaler und molekular 
geloster Kieselsaure, Arch. Hyg. 137 :307-316, 1953. 


ete 
Ms 
ey: 


Pittsburgh 


When_ biological materials have to be 
analyzed for any one of the elements nor- 
mally considered to be of biological im- 
portance or interest, it is usually the custom 
to destroy the organic matter in one way 
or another—either by “dry-ashing” in a cru- 
cible, or by “wet-ashing,” e. g., hydrolysis in 
a strong acid. The choice of the method is 
largely dictated by the element to be de- 
termined, though personal preferences, avail- 
ability of equipment (e. g., platinum ware ) 
and facilities (e. g., hood) may at times play 
a deciding role. 

In general it is probably true that for 
“nonvolatile” elements the dry-ashing proc- 
ess is quite satisfactory, but it should be 
borne in mind that volatility is a very rela- 
tive concept, and for a given element will 
vary greatly with the other elements with 
which it is associated. Thus it is well known 
that metal chlorides are more volatile than 
the corresponding oxides, or sulfates or 
phosphates. For the more volatile elements 
including, of course, nitrogen, the wet-ash- 
ing method of tissue digestion is normally 
resorted to. However, even at the much 
lower temperatures encountered in this pro- 
cedure substantial losses may occur unless 
extraordinary precautions are taken, and this 
has been well recognized, for instance, in 
the analysis of biological materials for mer- 
cury. 
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Analysis of Biological Materials for Boron 


W. H. HILL, Ph.D.; J. M. MERRILL; E. C. MONTIEGEL; B. J. PALM; J. SCHMITT, and M. SCHULTE, 


When our group embarked upon a com- 
prehensive investigation of the toxicology 
and analytical chemistry of the boranes, we 
were faced immediately with formidable 
questions concerning boron analysis of bio- 
logical materials such as various tissues, 
blood, and urine. Most of the boranes have 
rather high vapor pressures, even at room 
temperatures, and some are gases under 
normal conditions, or boil at only slightly 
elevated temperatures. All of them oxidize 
and hydrolyze with more or less ease, and 
many of them combine readily with organic 
nitrogenous materials to form adducts of 
greater and often even extraordinary stabil- 
ity. Under these circumstances it appeared 
a foregone conclusion that the biological 
materials obtained from animals (and man ) 
exposed to boranes would contain the boron 
in the form of various simple or more 
complex boranes, inorganic borates, and, per- 
haps, even free boric acid. Inasmuch as the 
site of action in borane intoxication re- 
ceived first attention in our investigations, it 
was decided to concentrate initially on the 
determination of “total boron” as_ borate, 
and leave efforts to differentiate between 
boranes and borates to a later date when 
perhaps questions of mechanism of action 
would make such knowledge desirable. 

The questions resolved themselves, then, 
to the problem of devising a method of 
tissue preparation and destruction which 
would avoid losses of boranes, oxidize or 
hydrolyze them to borate or boric acid, and 
eventually furnish aqueous solutions which 
would permit the determination of borate 
(or boric acid) in microgram quantities, by 
standard methods. 


Agricultural chemists have analyzed plant 
tissue for boron for many years and most, 
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if not all, of them have used a_ simple 
dry-ashing procedure.'?? Many of them 
tacitly recognized the danger of boron losses 
by suggesting the admixture of lime (or 
other alkali) before ashing, presumably to 
“fix” the boron in the form of nonvolatile 
calcium borate. Winsor * has demonstrated 
strikingly that such losses can be very 
serious, and we had to consider additionally 
that easily volatile boranes could be vapor- 
ized and/or burned outside the crucible. 
The suggested addition of lime, even if it 
were possible to achieve a homogeneous mix- 
ture with minced tissue, could perhaps in a 
measure safeguard against borate losses, but 
we failed to see what it could do to prevent 
the escape of boranes. Clearly then, dry- 
ashing was not the answer to our problem, 
apart from the prospective staggering cost 
of providing platinum ware to carry out 
analyses on a massive routine basis. 
Wet-ashing appeared much more attrac- 
tive but also posed some real problems, at 
least as to the use of strong mineral acids. 
Stock * had made boranes in and evolved 
them from acid aqueous solutions. More- 
over, boric acid, the product of hydrolysis 
of the boranes, is volatile with steam. This 
is attested to by the fact that for centuries 
boric acid was obtained exclusively from 
the volcanic steam “fumaroles” of Italy, 
and by the careful investigations of von 
Stackelberg ® and Jaulmes and Gontard.? 
Moreover, we the 
laboratory that this is so, and encountered 
losses of up to 10% on simple distillation 
of our boric acid standards in the presence 


satisfied ourselves in 


of small amounts of mineral acids. There- 
fore it was felt that digestion of biological 
with would entail boron 
losses which would not be permissible at the 
microgram levels in which we were in- 
terested, even though some industrial in- 
vestigators have dissolved boron-containing 


materials acids 


steels in acids for the purpose of boron 
analysis, without too much concern for 
losses. 

There remained the possibility of an alka- 
line tissue hydrolysis which, though it might 
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not lead to complete destruction of the 
organic material, would at least furnish an 
aqueous solution from which, it was hoped, 
the boron could be separated by methyl 
borate distillation, It was visualized that the 
method would have these advantages: the 
presence of alkali during hydrolysis would 
effectively safeguard against losses of boric 
acid and, to a considerable extent, of the 
boranes; the use of beakers in the process 
would permit many analyses to be carried 
out simultaneously, on a routine basis, with 
a minimum of capital investment; it would 
not produce bad odors, as in dry-ashing: 
and it would not produce large amounts of 
corrosive and even potentially dangerous 
(perchloric) fumes of strong mineral acids. 
The disadvantage was thought to be the 
obvious need to use boron-free glassware 
wherever possible 

Von Fellenberg,* in an elaborate paper on 
the determination of micro quantities of 
iodine in natural products (water, rocks, 
minerals, plant and animal tissues), dis- 
closed the optional 
KOH an aid to 
dissolution of protein matter and the saponi- 


concentrated 
alcohol as 


use of 
aqueous and 
fication of fat in animal tissue. However, 
this was done only as a step preliminary to 
dry-ashing in platinum crucibles and to en- 
sure that no iodine would be lost by vapori- 
zation during the ashing step. Calcium oxide 
was considered by von Fellenberg for this 
purpose but was rejected because of the 
author’s inability to mix it adequately with 
the materials to be analyzed. It appeared to 
us that von Fellenberg had at least one 
problem in common with us, i. e., determina- 
tion of a volatile acid radical in organic 
materials. We decided, therefore, to adapt 
some of his teachings for our purposes. In 
view of the fact that materials derived from 
our toxicological investigations might con- 
tain boranes besides borates, it seemed ad- 
visable to include an oxidizing agent in the 
alkaline digestion liquid, and hydrogen 
peroxide was chosen because it had served 
well for such purposes in our other re- 
searches on boranes and because an excess 
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Dropping 
Funnel 


Side Arm 


Autemp 
Heater 
Receiving 

Beaker ~~ 


Apparatus for Boron Analysis 


of it can be destroyed readily. The follow- 
ing methods of tissue and blood digestion 
and boron analysis were thus gradually 
evolved in the course of several years of 
work in this field. 


Tissue Boron Analysis 


Reagents 


Methanol—redistilled in laboratory 
Ethanol—redistilled in laboratory 

KOH—Eimer and Amend—ACS 

H:02—30% Baker’s analyzed 
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Sat. NaOH, 50%—Fisher Scientific Co. 
Conc. HCl, CP 
Cone. Sulfuric acid, CP 


Acid methanol—l_ mi. 


cone. HC1/450 
methanol 
Carmine reagent—0.5 gm. carmine/liter conc. 
H2SO, 
Carmine No. 40 NF 
Apparatus 
Polyethylene stirring rods 
Round-Bottom Pyrex distilling flasks, 50 ml., 


standard taper 19/38 

Side arm as per Figure 

Dropping funnel as per Figure 

Coil condenser (water cooled) as per Figure 

Boron-free beakers 250 and 400 ml. 

Electric hot. plates (small; 
Scientific Co.) 

Casseroles (porcelain) 

Spectrophotometrically matched glass-stoppered 
tubes 

Watch glasses 

pH paper 

Automatic burettes for HeSO; and carmine solu- 
tions 

Forceps and scissors 

Coleman Junior spectrophotometer 


Autemp—Fisher 


Tissue Storage —After tissues have been taken 
from animals at autopsy, they are placed in plastic 
vials (Armstrong Polystyrene), quick-frozen in a 
dry-ice-acetone mixture, and then placed in the 
freezing compartment of the refrigerator for 
storage until boron analysis can be done. 

Tissue Preparation—Tissue to be analyzed is 
removed from the refrigerator freezing compart- 
ment and thawed at temperature. After 
thawing, it is transferred to a watch glass for re- 
moval of fat and any adherent foreign tissue that 
may be present. As tissue is being trimmed, the 
cleaned pieces are placed on a watch glass where 
the mincing and mixing are done. 


room 


Mincing the tissue can be done in two ways: 
first, using scissors; second, using a sharp knife. 
A combination of the two is much faster. The 
tissue should be cut into such small pieces that 
the mixture looks somewhat like a paste. Before 
the tissue is weighed for analysis, the minced 
paste should be thoroughly mixed, in order to get 
a truly representative sample. 


Two-Step Procedure 


Weighing Tissue—The minced and mixed tissue 
is weighed into 50 ml. round-bottom Pyrex dis- 
tilling flasks, care being taken that no tissue hangs 
up on the ground-glass surface of the standard 
taper top. Small beakers are used to hold the 
flasks during weighing. An analytical balance is 
used for weighing out tissue samples (1-3 gm.). 
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Preparation for Methyl Borate Distillation — 
The flask containing the tissue is attached to a side 
arm, containing a dropping funnel, leading to a 
coil condenser, the tip of which is submerged in 
5 ml. 0.6 N NaOH contained in a 250 ml. boron- 
free beaker. 


Through the dropping funnel 15 ml. methanol 
and 0.2 ml. concentrated HCl are added (solution 
must be slightly acid). Before stewing, the acid 
methanol and tissue mixture are shaken, in closed 
set-up, for better contact of liquid and tissue. 


The stewing step requires six hours. For stew- 
ing, the flask is surrounded by water contained in 
a casserole and kept warm (about 50-60 C) with 
an electric hot plate. 


Methyl Borate Distillation—After the stewing 
period, the methyl borate formed in the flask dur- 
ing stewing is distilled off (for distilling, the tem- 
perature of the water bath is kept at about 
75-80 C). During distillation 30 ml. acid methanol 
are added slowly through the dropping funnel. The 
contents of the flask are distilled down as far as 
possible without fuming (fuming causes browning 
of the solution when the HeSO, is added in the 
carmine tests, giving darker color resulting in 
lower readings on the spectrophotometer ). 

After distillation, the residue in the flask is 
washed into a 400 ml. boron-free beaker with the 
aid of ethanol and subjected to alkaline digestion 
(see below). The arm and condenser are 
rinsed with methanol into the 250 ml. receiving 
beaker. This is known as the distillate, and, after 
evaporation on the steam bath, it is ready for the 
carmine test. 

Alkaline Digestion—The_ residue (above), 
washed into a 400 ml. boron-free beaker with 
15 ml. ethanol, is made basic by adding KOH. The 
amount of KOH needed at this point is variable 
with the amount and type of tissue, about 5 pellets 
per gram of tissue being a normal amount for good 
digestion. To the basic solution, 10 ml. 30% H2Oz 
is added, using additional ethanol if foaming be- 
comes excessive. The contents of the beaker 
should be allowed to react at room temperature for 
at least 10 minutes before being placed on a steam 
bath for further digestion and evaporation. 


side 


After evaporation, the sides of the beaker should 
be washed down with distilled water and digested 
tissue brought into solution. The beaker is then 
replaced on the steam bath for reevaporation. 
After this first washing, the solution may appear 
to have some feathery tissue flakes, but these 
usually disappear during the second evaporation. 

The beaker contents are dissolved with water 
a second time and evaporated to dryness on the 
steam bath a third time. Now the tissue is digested 
and ready to be transferred to a 50 ml. round- 
bottom flask for methyl borate distillation. 
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Tissue Transfer and Final Di:stillation—With 
the aid of 2 ml. of water, the digested tissue is 
transferred to a 50 ml. round-bottom flask. The 
beaker is carefully washed with 15 ml. of methanol, 
using a polyethylene stirring rod to get out as much 
as possible of the salt formed into the flask. 

The flask is then attached to the methyl borate 
distillation set-up (same as described under “Prep- 
aration for Methyl Distillation”). The 
contents of the flask are made acid with concen- 
trated HCl. Distillation is the same as described 
under “Methyl Borate Distillation.” 

After this distillation, the side arm and condenser 
are washed down with methanol as described be- 
fore. The receiving beaker is placed on the steam 
bath for evaporation. This is known as the residue 
sample, and is now ready for the carmine test. 
The residue in the flask is tested for acidity with 
pH paper, and, if it is acid, it is discarded. If the 
residue is alkaline, the distillation is repeated. 


Borate 


One-Step Procedure 


The minced and mixed tissue is weighed into 
250 ml. boron-free beakers in preparation for the 
alkaline-digestion step. Digestion is carried out 
in the same manner as with the “alkaline-digestion” 
procedure in the preceding pages; 15 ml. of ethanol 
is added to the beakers before making basic with 
KOH, ete. 

Blanks for Carmine Tests—For the first step, 
where only acid methanol and tissue are involved, 
a blank is prepared by stewing 1 ml. water using 
the same amount of acid and methanol for stewing 
and distilling as used in tissue analysis. This blank 
is carried through exactly as a sample. 

In the case of the alkaline digestion samples, a 
blank is prepared, using the same amount of KOH 
and H:Os, and the same number of washings as 
were used in the sample. These blanks are also 
evaporated to dryness, methanol-distilled, etc., like 
the samples. These are used as the 100% trans- 
mittance blanks against which the samples are 
read. 

Carmine Test—A_ standard curve is prepared 
each time the boron content of samples is de- 
termined by the carmine method. Into boron-free 
beakers 5 ml. 0.6 N NaOH and 1 ml. of each 
boron standard (1, 2, 4, 6, 8, 10ug. B per ml.) 
are pipetted and allowed to evaporate to dryness 
on the steam bath. A blank is prepared in the 
following manner: 5 ml. 0.6 N NaOH and 1 ml. 
water in a boron-free beaker evaporated to dryness. 

After the contents of the beakers have dried, 
1 ml. of water is added to each, dissolving as much 
of the salt as possible; then they are placed into 
a bath cooled with ice water. To each beaker is 
added 2 drops of concentrated HCl, to rid the con- 
tents of oxides of nitrogen. 
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From an automatic burette 5 ml. of concentrated 
H.2SO,x is added to the beaker (beaker in small 
vessel of cold ice water). The acid is swirled 
around in the beaker to get all of the salt that 
may be on the beaker sides into the solution. The 
acid solution is allowed to cool thoroughly before 
the 5 ml. of carmine reagent is added (no cold bath 
needed here). 

The carmine-sulfuric acid solution is swirled 
around in the beaker to get thorough mixing, then 
poured into a matched glass-stoppered tube. The 
tube is then shaken to ensure thorough mixing for 
proper color development. 


The carmine-boron solutions are read 60 minutes 
after mixing on the Coleman Junior spectrophotom- 
eter at a wave length of 625 my. The samples 
are read against the chemical blank, which is set 
at 100% transmittance. 

The curve is then plotted on one-cycle semilog 
graph paper, micrograms boron vs. per cent trans- 
mittance. 


Samples.—In cases where dilutions are needed, 
samples are diluted and proper aliquots taken and 
evaporated to dryness before carmine tests can 
be done. The samples, with their respective blanks, 
are treated in the very same manner as the 
standard curve (1 ml. water, 2 drops concentrated 
HCl, 5 ml. HeSO,, 5 ml. carmine, etc.). Dilutions 
cannot be carried out after the unknowns have 
been mixed with the carmine reagents. 


Procedure for the Determination 
of Boron in Blood 


Distillate Boron—The blood is measured in 
graduated 15 ml. centrifuge tubes, which drain 
more completely than a graduated cylinder does. 
The sample is transferred to a 100 ml. Pyrex 
distilling flask, which is then connected to a vertical 
Pyrex condenser. The connecting sidearm also 
carries a dropping funnel through which 30 ml. of 
methanol and 0.3 ml. of concentrated HCl are 
added to the distilling flask. The tip of the con- 
denser dips into a boron-free beaker which con- 
tains 5 ml. of 0.6 N NaOH. The sample is 
heated in the flask for 6 hours just short of active 


distillation (using a water bath and small hot 
plate). This step has been referred to as the 


“stewing” or the “simmering” step and is intended 
to give boranes a chance to hydrolyze. The sample 
is then distilled, and during the distillation 30 ml. 
of acid methanol is gradually added through the 
dropping funnel. The distillate is evaporated on 
the steam bath, and its boron content is determined 
by the carmine method. The boron value thus 
obtained is referred to as “distillate boron.” The 
residue left in the distilling flask is washed into 
a 400 ml. boron-free beaker, ethanol being used 
for the transfer. 
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Distillate Blank.—Since water is of importance 
in methyl borate distillation, and since the sodium 
hydroxide of the receiver may contain some boron, 
a blank run is made substantially as outlined above. 
Blood contains approximately 80% water, and 
therefore 8 ml. of water and 0.3 ml. of concentrated 
HCl are distilled with 45 ml. of acid methanol to 
imitate the water introduced with the normal 
blood sample of 10 ml. The smaller quantity of 
methanol is used, because in the blank substantially 
all of it distills over, while in the blood procedure 
a large amount is held back by the flask residue. 
The distillate is caught in 5 ml. of 0.6 N NaOH; 
it is evaporated on the steam bath, and the residue 
is subjected to the carmine test. The solution thus 
obtained is used as the 100% transmittance “blank” 
against which the “distillate boron” is read. Trans- 
mittance is determined at 625 mu. 


Residue Boron—The residue obtained in the 
above “distillate boron” step is broken up with a 
stirring rod so that no large blood clots are left. 
Ten pellets of KOH and 10 ml. of 30% hydrogen 
peroxide are added to 
materials. Considerable 
step. 


hydrolyze the protein 
foaming occurs in_ this 
As soon as it has subsided, another 10 
pellets of KOH and 10 ml. of hydrogen peroxide 
are added and enough ethanol to keep the foaming 
at a minimum. The beaker is placed on the steam 
bath, and as soon as the sample is dry it is 
washed with water. This is evaporated 
again, and the walls of the beaker are washed down 
with water a second time. The solution is evapo- 
rated a third time, and the residue in the beaker 
is then transferred to a 100 ml. distilling flask 
with the aid of 2 ml. of water and 20 ml. of 
methanol for rinsing. The flask is attached to 
the distilling apparatus, and 3 ml. of concentrated 
HCl is added through the dropping funnel. After 
gas evolution has ceased, the contents are distilled 
into the receiver which contains the customary 5 
ml. of 0.66 N NaOH. Toward the end of the 
distillation, another 30 ml. of acid methanol is 
added gradually and distillation is completed. Be- 
fore discarding the residue in the flask, check to 
see that the sample is still acid. The distillate is 
evaporated on the steam bath, and its boron con- 
tent is determined by the carmine method. The 
boron value thus obtained is referred to as “residue 
boron.” 


down 


Residue Blank.—A blank for the above carmine 
color determination of the “residue boron” is ob- 
tained by carrying the residue of the distillate 
blank, ethanol, 20 ml. of 30% hydrogen peroxide, 
and 20 pellets of KOH through the same procedure 
as for “residue boron,” with the same amount of 
NaOH being used in the distillate receiver. The 
distillate is evaporated on the steam bath, and the 
residue is used in making up the “blank.” 
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Taste 1.—Boron Analyses of Rabbit Liver 
(C ontrol)* 
Boron Boron 

Method standard ue. Boron 

Used Found Found, Per Per 

Corrected Gram Gram, 
Average 

l-step digestion 78 2.5 t 0.83 
l-step digestion 7.8 2.5 t 0.83 0.8 
l-step digestion 7.5 2.2¢ 0.73 
2-step stewing (Ist step) 8.9 3.0 ¢ 1.0 
2-step stewing 10.1 4.2% 14 
2step stewing 8.7 28% 0.93 
2-step stewing 9.6 3.7% 1.23 1.0 
2step stewing 8.6 2.7% 0.9 
2-step stewing 79 2.0 3 0.67 


* Individual 3 gm. samples were weighed out. 
nal a ug. boron deducted, which was the recovery for a 6 yg. 
lank. 
“< 5.9 wg. boron deducted, which was the recovery for a 6 yg. 
lank. 


Comment 


The preparation of tissue for digestion is 
of very great importance. Originally we 
employed a Waring Blendor in which the 
tissue was disintegrated in methanol. The 
resultant suspension is not fine enough to 
furnish dependable aliquots, and, moreover, 
lost” in this relatively big 
piece of equipment. 


small organs are “ 


We therefore switched to glass tissue 
grinders, even though they are obtainable 
only in Pyrex glass, because only methanol 
This method pro- 
duces a fine suspension of tissue, but it is 


was to be used in them. 
extremely tedious and, it was 
that 
enough to rub fine glass particles off the 
While this was found to 


moreover, 


found eventually tissue is abrasive 
grinding surfaces. 
be of no importance in the “stewing” 


of the two-step method, it caused serious 


step 
contamination in the alkaline digestion step. 


Taste 3.—Boron Analyses of_ Tissues from Rabbit 
Which Had Received 75 Mg/Kg. of 


De caborane, I. V. 


Micrograms Boron Found in 1 Gram 
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Method Liver Kidney 
Used 
Per Sample* Average PerSample* Average 

l-step 500 540 

l-step 490 498 520 

l-step 505 550 538 
l-step 540 

l-step 540 

2-step 502 552 

2-step 514 507 533 561 
2-step 504 585 

2-step 573 


* Individual 1 gm. samples were weighed out. 


Hill et al. 


Tas_e 2.—Boron Analyses of Tissues from Rabbit 
Which Had Received 56.3 Mg/Kg. of 
_ Dime yaw -Borane, I. P 


Micrograms Boron Found in 1 Gram 


Method Liver Kidney 
Per Sample * Average PerSample* Average 
1-step 11.5 15.0 
1-step 12.0 15.0 
l-step 11.0 11.7 15.0 14.9 
l-step 12.5 14.5 
l-step 11.5 15.0 
l-step 11.5 
2-step 14.9 ¢ 15.4¢ 
2-step 13.8 ¢ 16.9 ¢ 
2-step 12.3 12.6 17.6 16.1 
2-step 11.9 17.9t 
2-step 12.9 ¢ 
2-step 10.7 


* Individual | gm. samples were weighed out. 

t In these tests, 4 ug. of boron standard were added in place of 
water in the carmine reaction (of the second step only) in order 
to bring the samples into a more accurate range of the spectro- 
photometer and the standard curve. Appropriate deductions 
were made from the total boron found. 


Glass tissue grinders, therefore, had to be 
abandoned. 


A number of other grinders were tried, 
such as the Virtis Homogenizer and the 
Latapie Tissue Grinder, but they all were 
found wanting in one respect or another 
or not useful with all varieties of tissue. 
We finally hand cutting and 
mincing because it is relatively quick, ap- 
plicable to all kinds and amounts of tissue, 
and the alkaline hydrolysis is_ efficient 
enough to disintegrate the rather coarse 
pieces. It is recognized, of course, that 
aliquots may not be as representative as 
might be desired, but nonuniformity should 
be averaged out if more than one aliquot 
is analyzed. 


settled on 


During the alkaline digestion step, the 
contents of the beakers should be tested 
(reagent paper) now and then for alkalinity 
because we have experienced that they turn 
neutral and even slightly acid. Additional 
alkali should be added as found necessary. 
Inversely, the flask residues from the methyl 
borate distillations are tested for acidity, 
and the distillation must be repeated, after 
addition of acid, if a residue is found to be 
neutral or alkaline. 

We found the carmine method of boron 
analysis to be more reliable if the final 
mixtures of unknown solutions and carmine 
reagents are kept in glass-stoppered cuvettes 
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Which Had Received 100 Mg/Kg. of 
Decaborane, Oral 


Tas_e 4.—Boron Analyses of Tissues from Rabbit 


1. A. ARCHIVES OF INDUSTRIAL HEALTH 


TaBLeE 5.—Boron Analyses of Blood from Dog 
Given Intravenous Injection of 
Triethylamine-Decaborane * 


Micrograms Boron Found in 1 Gram 


Method Liver Kidney 
Used 
Per Sample* Average Per Sample* Average 

1-step 117.5 72.5 

l-step 117.5 72.5 

l-step 115.0 114.6 73.8 717 
l-step 115.0 72.5 

l-step 112.5 70.0 

l-step 110.0 68.8 

2-step 112.6 70.0 

2-step 110.3 65.2 

2-step 109.2 112.2 70.2 67.7 
2-step 116.7 67.9 

2-step 117.2 69.1 

2-step 107.1 63.6 


* Individual 1 mg. samples were weighed out. 


during the period of color development and 
reading in the spectrophotometer. If this 
is not done, variable results may be ob- 
tained, perhaps because of moisture ab- 
sorption from the atmosphere. As cuvettes 
we use Pyrex culture tubes No. 9820, with- 
out rim, 18150 mm., fitted with standard 
taper stoppers 14/20. They are filled with 
carmine reagent and selected on the basis 
of their transmittance at 625 mp. They are 
matched to each other with a tolerance of 
+1% before attachment of the stoppers. 
Boron contamination from the Pyrex glass 
of these tubes is considered negligible un- 
der the prevailing strongly acid conditions 
and, moreover, all the standards and un- 
known solutions are read in the spectro- 


Taste 6—Human Blood * 


5 MI. Sample Used for Each Test 


Sample uz. Boron per Sample 
1 0 
2 0 
3 0 
4 0 
5 0 
6 0.6 
7 0.6 


5 M1. Blood Sample Plus 6 wg. Boron Standard 


Sample ye. Boron ug. per Sample t¢ 
Recovered 

5.6 0.5 

5.6 0.5 

5.2 0.1 

5.3 02 +} Av.—0.2 
12 5.3 0.2 | 

13 5.0 —0.1 | 

14 5.0 —0.1 


* Outdated blood stored in citrate-dextrose solution, from 
blood bank. 

+ After deduction of 5.1 wg. which was the recovery from a 6 
uz. boron standard carried through the process as a blank. 
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Volume of Micrograms Boron 


Date of Sample Sample, 
Mil. Total Per Ml. 

1/16/56 8.0 1.5 0.19 

/17/56 10.0 2.9 0.29 
1/18/56 9.0 0.2 0.02 
1/19/56 9.5 1.6 0.17 
1/20/56 10.0 0.5 0.05 
1/21/56 8.0 1.7 0.21 
1/30/56 time 0 minutes 8.0 0.3 0.04 
1/30/56 time 20 minutes 10.0 31.2 3.12 
1/30/56 time 60 minutes 10.0 26.6 2.66 
1/30/56 time 120 minutes 8.5 23.0 2.71 
1/30/56 time 360 minutes 10.0 20.8 2.08 
1/31/56 9.5 4.7 0.49 
2/1/56 9.5 2.0 0.21 
2/2/56 10.0 1.1 O11 
2/3/56 10.0 3.9 0.39 
2/4/56 10.0 0.4 0.04 
2/6/56 10.0 6.8 0.68 
2/7/56 10.0 2.5 0.25 


* Samples before injection serve as controls; 2-step method of 
analysis used. 


photometer against a blank containing the 
same reagents and having had the same 
contact with such Pyrex cuvettes. Boron- 
free tubes were considered originally, and 
were indeed used, but they cannot be fitted 
with standard taper stoppers, which we 
considered more urgently needed. 

Similar consideration moved us to use 
Pyrex glass for the distilling flasks, connec- 
tors, filling funnels, and condensers because 
they, too, were used only under acid con- 
ditions, and blanks were handled in the same 
equipment. This was, of course, a compro- 
mise, but glass-blowers just will not touch 
boron-free glassware. 


Results 


Results obtained with this method of 
boron analysis for biological materials have, 
in general, been satisfactory (Tables 1-6). 
At very low absolute boron values, such 
as for control blood and tissue, accuracy is 
not very good, though precision may be, 
but this is due to limitations inherent in the 
method of methyl borate distillation and in 
the carmine method of boron analysis. 

The two-step procedure usually gives 
somewhat higher results than the one-step 
modification, and precision is not as good. 
This could be ascribed to the greater number 
of steps involved, and especially the one 
involving quantitative removal of a_ solid 
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from a distilling flask. However, higher re- 
sults have also been observed at times with 
the one-step procedure. A choice between the 
two methods will usually be made on the 
basis of a saving of considerable time, which 
the one permits, or of the volatility of the 
borane involved, which may demand use of 
the more circumspect two-step scheme. For 
control tissue, the choice would seem quite 
obvious. 

That the results obtained by this method 
give absolute rather than relative values is 
from the fact that boron standards 
added at various stages were recovered as 
completely as the methyl borate distillation 
permits. Such additions have been made at 
times, when the boron value of the tissue 
was expected to be very low, as in the case 
of control tissue, in order to bring such 
value into the range of greater instrumental 
accuracy. 


seen 


On account of the limitations of individual 
method steps involved (methyl borate dis- 
tillations; carmine method of boron analysis, 
and the heterogeneous character of tissue), 
it has been found generally advisable not to 
rely on less than three aliquots, and five or 


Hill et al. 


six have been found more satisfactory. Ac- 
curacy is believed to be better than 20%, and 
closer to 109%, for boron levels of more than 
10ug. per gram of tissue. 

School of 
of Pittsburgh. 


Graduate Public Health, University 
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HENRY S. SATTERLEE, M.D., Newport, N. H. 


Introduction 


Regional, housing, and procedural con- 
ditions which attend microchemical determi- 
nations of arsenic within a clinical or 
biochemical laboratory are subject to factors 
which impose an inscrutable margin of error 
in operation. These interferences are vari- 
ables which invalidate, 
microassays of arsenic in various kinds of 
investigations. As affecting fresh and un- 
stable biological material, they 
doubt upon all 
practice ever 


may prevent, or 


have cast 
analytical 


were 


refinements of 
extensions 
tempted into the microgram and 
gram ranges of 


since at- 
submicro- 
In this field, a 
persistent inadequacy of performance is im- 
plied, if not shown, by the many procedures 
(at least 32) and the varied implementations 
described throughout the literature of 1927- 
1951. A general fallibility is reflected in the 
wide disparities reported by different ob- 
servers, in estimating, for example, the 
“normal” arsenic content of fresh (and 
dried) mammalian blood and blood serum 
and of freshly voided, and stale (24-hour) 
collections of human urine. 


assay. 


As to environ- 
mental surveys, quantitative estimates of 
airborne arsenic for British urban com- 
munities are widely at variance with values 
recorded for American cities, and, they 
seem incredibly small and incompatible with 
the constant discharges of arsenic into the 
atmosphere which emanate from the com- 
bustions of all kinds of carbonaceous fuels 
and which cause indoor and outdoor air 
pollutions that are inevitably increasing 
under modern conditions of domestic heat- 
ing and cooking, growing motor traffic, and 
conurbanization. The upshot of this an- 
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Sources of Error in Microdetermination of Arsenic 


whether it be by chemical or by radioisotopic 


Conditions Which Hinder Studies of Arsenic Metabolism and Which Invalidate 
Estimates of Arsenic in the Atmospheric Environment 


alytical fallibility is that students of physi- 
ology and pathology who may be eager to 
explore normal 
metabolism in 


abnormal arsenic 
relation’ to environment 
which is a still-obscure field of biochemistry 
—are confronted with a dim view of the 
prospect, with no confidence in any micro- 
chemical method at their disposal. A neg- 
lected and important branch of biochemical 
research is thus blockaded. For example, 
Dr. Eric Boyland,' of the Royal Cancer 
Hospital of London, in an address to the 
American Chemical Society, not long ago, 
remarked : 


and 


“The detection of carcinogenic agents is 
not always easy. Thus arsenic is carcinogenic 
for man, but there is at present no laboratory 
test which will reveal its activity.” 

The purpose of this communication is to 
point out what faults in sampling methods, 
what unawareness of analytical losses and 
contaminations, and what fallacies of pro- 
cedure are prevalent, and to suggest by what 
precautionary measures and monitory con- 
trols a more reliable application of existing 
micromethods of arsenic determination may 
be accomplished. 

In isolating for assay such minute quanti- 
ties of arsenic, e. g., 0.9 to 0.04 pg., as are 
contained in 1-ml. to 2-ml, samples of blood, 
glandular secretions, nutrient media, etc., 
it is obvious (1) that circumstances which 
admit to the system of analysis any un- 
heeded trace of this element from a con- 
taminated milieu, and (2) that conditions 
which permit escape of any volatile fraction 
of arsenic from the substance under test, 
prior to or in the course of analysis, must 
interfere with precise end-determinations. 
In this critical and narrow range of assay, 


: 
a 
4 


means of ultimate quantitation, any loss of 
arsenic, as caused by volatilization from the 
test material, must positively be prevented 
ab initio. Likewise, any gain to the system 
from contamination 
must be prevented as far as possible, by 
routine laboratory air tests and by enforce- 
ment of rigid precautionary measures to the 
point of yielding consistently uniform and 
sufficiently small blank reactions to serve as 
trustworthy criteria of precision in oper- 
ation. 


background-arsenic 


Errors of Loss 
In the development of biophysical aids to 
biochemical 
analysis has 


research, radioisotopic tracer 
the formation of 
volatile metabolites, which occur in minute 
quantities and which must not be lost when 
evaluating the total transport and excretion 
of the element traced. This very important 
contingency is plainly shown by studies ** 
on the respiratory excretion of selenium. In 
these experiments on rats, an organically 
combined and highly volatile fraction of the 
tracer element was developed within the 
animal organism, transported by the blood 
stream, and excreted by the lungs and 
(presumably) by the kidneys; thus, it was 
positively identified in the respiratory gases 


revealed 


as a part of the inorganic radioselenium 
that was injected into the experimental 
animal.* In the first 


* Since this paper was written, McConnell et al. 
have published results that are noteworthy in this 
connection as 


metabolism studies 


suggesting precisely how future 
analytical studies in arsenic metabolism should be 
conducted. These findings that inorganic 
radioselenium which is not eliminated from the 
mammalian organism as a volatile product becomes 
fixed to definite protein entities (as cystine and 
methionine) by 


show 


sporadically replacing sulfur in 
these metabolites. These observations predict with 
striking probability that a paralelled series of ex- 
periments will show that the analogous (toxic 
element) arsenic, which is also protectively elim- 
inated to some extent by lungs and kidneys as a 
harmless volatile product, will be found (through 
application of similar radioisotopic and chromato- 
graphic techniques) to be fixed to phosphoproteins 
(in their nucleic acid groups) and to phospho- 
lipids (especially lecithins) by sporadic substitu- 
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conducted with radioarsenic,®* the possi- 
bility of a volatile arsenical metabolite being 
formed in not to have been 
suspected, and the volatile arsenic so pro- 
duced, if any, was lost to count through 
evaporation during preparation or proces- 
ing of the samples examined. In the same 
year, 1942, it was reported *® and it con- 
firmed studies a_ volatile 
arsenical metabolite is produced in vivo by 
mammalian and avian organisms after ad- 
ministration of arsenocholine. Thus it be- 
came evident that a methylated and relatively 
nontoxic arsenical metabolite of low-vapor 
tension may be formed in the animal or- 
ganism which is precisely analogous to the 
fully methylated selenium metabolite that 
was captured by Schultz and Lewis? from 
the respiratory gases of white rats by solu- 
tion in sulfuric acid, and similarly by Mc- 
Connell * by solution in 48% hydrobromic 
acid with 5% bromine, and which he, 10 
years later, identified as dimethyl selenide.* 
The analogous arsenical metabolite, as in- 
dicated by Challenger’s studies,’ is, pre- 
sumably, trimethylarsine (As  [CHs]3). 
This as-yet-unidentified substance is of 
natural occurrence and may be extracted in 
minute traces from human expired air. It 


vivo seems 


earlier 


has been quantitatively isolated from venous 
blood by distilling at 56 to 60 C/350 mm. Hg 
in a current of molecular oxygen, and is so 
separated from a relatively thermostable 
arsenical component which remains in the 
distilling These the 


existence of volatile metabolites will serve 


citations of 


as a warning of the risk of losing a volatile 
arsenic fraction from biological material 
during preparation for assay, or in process 
of analysis by any method which employs 
an open system of acid digestion with heat. 
To further emphasize the risk of similar 


tions for phosphorus in these metabolites. The 
important implications of such natural isomorphic 
substituency and patterns of distribution seem 
obvious, and of particular significance with respect 
to DNA-fixation of As atoms (replacing P atoms), 
where persistent exposures to this abnormality 
could produce mutational (carcinogenic) effects by 
vicarious substitution of the heavier arsenic atom. 
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losses from substances other than clinical 
material, specific instances may be mentioned 
as follows: Vacuum-cleaner dusts, freshly 
collected from living apartments, were 
found to lose a large part of their inherent 
(or adsorbed) arsenic content by exposure 
to heat, light, and air. Outdoor atmospheric 
dusts, collected on cloth or gauze filters, 
showed similar losses in relation to exposure 
and before assay. Anemophilous 
pollens in the freshly collected state were 
found to lose their arsenic content rapidly, 
and almost completely, when exposed to 
heat, light, and air; they also became de- 
natured (lost potency as allergens) by this 
treatment.!® 


delay 


When estimating air pollution by arsenic 
as an epidemiologic factor in urban com- 
munities and industrial environments, any 
delay in the air-suspended 
particles filtered from the atmosphere, as 
by keeping them in the paper or textile 
screening material for days or weeks before 
final assay, may be extremely misleading. 
This applies particularly to extensive sur- 
veys of atmospheric arsenic which were re- 
ported '® for British urban areas, where 
the findings that were charted (and deduc- 
tions therefrom) are open to serious ques- 
tion on these grounds. Moreover, to reveal 
the actual breathing conditions of a human 
population (with mainly indoor occupations 
and activities), not only the air-suspended 
particulate matter should be examined, but 
the watery vapors (condensation nuclei) and 
gaseous fumes from engine exhausts and 
from fuel-oil and gas combustions (occur- 
ring both outdoors and indoors) should be 
captured in the air samples. Such samples 
should be examined when fresh—that is, 
collected so that their total arsenic content 
may be secured in a suitable liquid solvent 
for prompt or immediate microassay. As 
has been stressed elsewhere,’ samples of 
air to be examined for “background,” or 
environmental, should be taken 
within the home, office, factory, or work- 


examining 


arsenic 


shop, properly to represent actual respira- 
tory intake of arsenic. Outdoor sampling 
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pertains to outdoor workers only, and then 
only partially so, since the environment in 
such cases (e. g., chauffeur) includes both 
outdoor and indoor (home) surroundings, 
and, therefore, 
samples. 


demands two. sets. of 


Methods of Sampling for Assays 
of Airborne Arsenic 


Before leaving the subject of arsenic as- 
says on environmental material that is con- 
cerned with air pollution, the practical 
advantages of exploratory or pilot surveys 
should be considered. For this purpose, the 
examination of vacuum-cleaner (sedi- 
mentary) dusts and of electrostatic precipi- 
tates obtained in an ionizing air cleaner are 
both very useful procedures that provide 
convenient and suitable material for pre- 
liminary analytical estimates. They are not 
volumetric methods, as are the extractions 
of known volumes of air passed through an 
absorption train and measured by means of a 
gas meter or calibrated flowmeter, but they 
serve well in ordinary clinical surveys to give 
an index of atmospheric pollutions by 
arsenic in the home and working environ- 
ment; and occasionally they will reveal un- 
suspected sources of 
contaminations, 


dangerous arsenic 
such as from taxidermic 
trophies and other household furnishings, 
from chimney-flue leaks, and rodent-exter- 
minator Microdetermination of 
arsenic, as found in samples of 80-mesh 
siftings of freshly collected vacuum-cleaner 
dusts that were submitted to flame com- 
bustion in an oxygen bomb,'*:!® has served 
well for individual clinical investigations 
among city dwellers, and has furnished valu- 
able basic data for comparison, Examination 
of electrostatic precipitates, freshly collected 
after six- to eight-hour runs of a portable 
air-cleaning machine is a_ weight/weight 
method of collection of airborne material 
that may be calculated with sufficient ac- 
curacy on a weight/volume basis by cali- 
brating the fan-motor delivery against time. 
It is especially applicable to certain occupa- 
tional hazards 


poisons. 


and confined places of 
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activity, such as welding, metal-working, 
and grinding shops; cotton-spinning mills; 
battery-charging rooms; submarines; dis- 
secting smoking 
kitchen; auditoriums, ete. 


rooms ; rooms; soup 
This method is 
of importance because it collects the sub- 
micron air-suspended particles which are 
the most highly arsenical and which escape 
vacuum cleaners and other filtration devices. 
Such a machine may be left running all day, 
and unattended; and the accumulated deposit 
may be removed at night for prompt assay. 
For indoor determinations of “background 
arsenic’, as in laboratory routine air tests, 
the method of choice for collection and ex- 
traction of measured samples of air is by 
use of an absorption train as shown in the 
Figure, consisting of four units, all con- 
taining acid solvents (as indicated ), operated 
by a portable electromotor-driven pump and 
entrained with volume control by stopcock, 
in connection with a calibrated flowmeter 
and time switch. With such a system, air 
samples of from 5 to 50 liters may be 
extracted of arsenic content in from 10 
minutes to an hour. The extracts are then 
washed back into the first unit of the train 
by reverse suction and securely bottled for 
examination in the laboratory. By this proc- 
ess of assumed that all 

fully oxidized 
particulate (sublimated) forms of arsenic 
are taken up by the polar solvents of the 


collection it is 


gaseous, vaporous, and 


+ Mr. E. M. Berly of the Research Division of 
the Raytheon Manufacturing Company, of Walt- 
ham, Mass., provided a special adaptation of their 
Micronaire air cleaner, with alternating fixed and 
removable electrode plates of stainless steel from 
which electrostatic deposits may be cleanly scraped 
onto glazed weighing paper, whence aliquot test 
samples of 100-200 mg. may be transferred for 
weighing directly into a small (8-ml.) Parr weigh- 
ing bottle (T 24/12, outside-ground stopper) con- 
taining 4 to 5 ml. of As-free sulfuric acid solution 
(1:2 or 1:3). If the deposit is light gray in color 
and appears to be soluble in the acid, it may be 
placed directly in the reducing flask for microassay 
by the vacuum-Gutzeit process. If not soluble, 
i. e., dark in color and tarry, as occurs in smoky 
atmospheres, it may be analyzed by oxygen-bomb 
combustion, as with chimney  soots, 
tobacco, etc. 


cigarette 


Satterlee 


train, and thus are suitable for direct re- 
action with the Gutzeit reducing agents. 
However, if there should be present any 
incompletely pyrolyzed arsenic, i. e., firmly 
combined with unburned hydrocarbons, such 
components may escape analysis and assay. 
In very smoky situations, therefore, where 
the sooty airborne particles comprise both 
pure carbon and partially burned tars, only 
collection by electrostatic precipitation, fol- 
lowed promptly by oxygen-bomb combustion 
under pressure, may be relied upon for 
complete recovery of all arsenic in the tarry 
precipitates. The same holds true for the 
tarry distillates in fresh samples of con- 
centrated cigarette smoke, where the heat 
of combustion may not have been sufficient 
to release all arsenic as soluble oxide. Like- 
wise, if tobacco-tar distillates are obtained in 
nonpolar solvents, e. g., in refrigerated 
ethanol-toluene solutions of smoke concen- 
trates (as yielded by multiple cigarette- 
smoking machines), the same treatment is 
applicable; and here, only a small aliquot 
(less than 0.5 ml.) is needed and this may 
be subjected directly to flame combustion 
analysis in an oxygen bomb, in the same 
manner as in testing gasoline for arsenic. 


Errors of Gain 


In the testing of clinical material for 
arsenic content a liability to additive error 
has, of course, long been recognized, but, 
with few exceptions,’*® this has been 
ascribed to or dismissed as “reagent impur- 
ity.”” In such blank-test allowances, values as 
high as 3.84ug. of arsenic have been deducted 
from end results by some analysts 7° when 
estimating the arsenic content of one sample 
of venous blood. However, Hubbard,’ and 
Sultzaberger,’® working in the semimicro- 
range, have mentioned other sources of ad- 
ditive error and have warned against 
course of 
analysis. The former cautioned against dust 
as an arsenical contaminant and the latter 
warned against “laboratory vapors” and 
“fumes evolved from digestion processes.” 
In the submicrogram range of arsenic deter- 


atmospheric contamination in 
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Absorption-train assembly for volumetric extraction of airborne arsenic. 4, funnel for air 
intake. B, acid-nebulizing and cloud-precipitation unit, comprising the nebulizer, containing 6 
to 8 ml. of hydrochloric acid solution (1:1) and adjustable sidearm reservoir for ammonium 
hydroxide for use in extracting smoky atmospheres or oxygen-bomb combustion products. This 
reservoir may be empty, or replac ed by stopper (Corning, 408205) when nonsmoky atmospheres 
are examined. C, C’ and C” are similar acid-extracting units, each containing 9 to 12 ml. of 
sulfuric acid solution (1:3) and comprising a Pyrex gas-dispersing tube (Corning No, 39533) 

250 mm. long, cut_to 210 mm. and bent 90 degrees near its inlet; ; porosity is extra coarse (C. 

404270) for the C and C’ members, and coarse (C. 404260) for C” ; all are inserted through 
neoprene stoppers into Pyrex test tubes with sidearm (Corning 409520) 22175 mm. D is 
stopcock volume control at outlet of train which is in connection with a flowmeter, electric 
vacuum pump, and time switch. A critical “oxygen-blank test” may be performed on this 
apparatus with contained reagents (including washings) amounting to 100-ml. volume, by 
drawing 5 to 10 liters of arsenic-free oxygen gas (as derived from liquid air) directly into 
the system from the supply tank into the nebulizing unit. B. The normal tolerance for this 
test solution by the vacuum-Gutzeit spot-filtration method of microassay should be not more 
than 0.05ug. As, as against 0.45ug. As, which is the maximum tolerance arbitrarily set for 
10 liters of laboratory air. 

For removal and washing-out of the train after an extraction, the reservoir of Part B is 
replaced by a Pyrex 14/20 inner-ground joint (C. 418310) to which the vacuum line is at- 
tached. For this reflux aspirating process the nebulizing inlet is disconnected from part A and 
is stoppered with a neoprene cap. The entire assembly, with sufficient space for six 4-oz. 
sample bottles and other accessories, may be contained in a plywood carrying case measuring 


15X204.5 in., with top handle. 


mination there can be no doubt that contami- stant awareness of liability to background 
nating traces of background arsenic may interference and vigilance in its prevention 
seriously invalidate quantitative assays; for are therefore indispensable. 

in this range it is axiomatic that the per- Under favorable circumstances — such 
mitted blank test must not exceed the minute interferences may be negligible, or so small 
values to be assayed in small samples. Con- as to come within the known and acceptable 
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limits of reagent impurity. Under unfavor- 
able conditions, on the other hand, where 
the blanks keep persistently high, it is pos- 
sible to investigate the cause by running a 
test on 6 to 10 liters of laboratory air. If 
this air test shows less than 0.45yg. As/10 
liters in the presence of excessive blanks, it 
is an indication that the fault is due to 
operational contamination of the stock 
reagents, or to some lapse of safety tech- 
nique in preparing dilutions, or in handling 
of test materials. The remedy for this situa- 
tion is obvious. If, however, excessive blank 
tests are concomitant with persistently high 
air tests, then “background arsenic” is surely 
to blame, and the source may be hard to dis- 
cover. If not found and prevented, this 
elusive factor may be prohibitive. These 
contrasted laboratory conditions are best 
illustrated by the experiences to be de- 
scribed. 


Variations of Background Arsenic 
in Laboratory Practice 

During the years 1930-1935, Carey, 
Blodgett, and Satterlee?" working in a 
private laboratory on the second floor of a 
small building in midtown Manhattan, New 
York, accomplished more than 1000 de- 
terminations of the arsenic content of sedi- 
mentary and atmospheric dusts and other 
relatively dry organic substances, such as 
fresh vegetable pollens, animal hair and 
feathers, cigarette tobacco, upholstery 
fabrics, wallpapers, etc. The method of 
analysis was oxygen-bomb combustion of 
the sample under a pressure of 18 to 24 
atmospheres (250-350 p. s. i.) in As-free 
oxygen gas (as obtained from liquid air) ; 
extraction of all combustion products in an 
acid-nebulizing absorption train; followed 
by a strip-Gutzeit end-determination similar 
to the standard A. O, A. C. method.?* With 
this class of material only semimicroassays 
—from 0.5 to 5.0ug. As— were attempted, 
and no interferences from background 
arsenic were noticeable. However, this 
contingency was recognized when examining 
the arsenic content of atmospheric dusts, of 
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chimney soots, and of vacuum-cleaner dusts 
collected in the laboratory. At a later period, 
1936 to 1947, in the same _ laboratory, 
analytical operations '* were conducted by 
means of a newly developed two-step pro- 
cedure, adapted to unstable biological 
material, which separated by distillation the 
“volatile arsenic’ content from the non- 
volatile arsenic fraction of the subtance 
under examination. The nonvolatile arsenic 
fraction, remaining in the dried residue, 
was then isolated for separate assay by 
burning it in an oxygen-bomb combustion 
apparatus that was designed for rapid opera- 
tion in mounted connection with a vacuum- 
extraction train." For end-determination of 
arsenic in both partitions, a vacuum-Gutzeit 
spot-reaction process was employed, with 
readings against a photographic scale cali- 
brated to the submicrogram range. Opera- 
tions of this period were concerned not only 
with clinical material, but with the volatile 
As fraction of the venous blood and serum 
of laboratory animals, and with investigating 
the influence of background arsenic on the 
growth of certain aerobic micro-organisms 
upon appropriate nutrient media. Both liquid 
(broth) and solid (agar and gelatin) pep- 
tone media of standard composition were 
found to contain traces of both “volatile” 
and “nonvolatile” forms of arsenic. 

In experiments with these media, a 
definite increase in total As concentration 
was observed that was proportionate to the 
time of exposure to aerobic conditions for 
several days—whether sterile or supporting 
microbial growth. This phenomenon of 
arsenic uptake by various peptone media was 
evidence of an interesting environmental 
condition which called for further investiga- 
tion as to possible effects on organic growth ; 
and it was found (1) that components of 
standard nutrient media, such as dry com- 
mercial peptones, agar, gelatin, and glucose, 
contained notable but variable traces of 
arsenic as purchased from supply houses ; 
(2) that 10 commercial varieties of dry 
peptones (supposedly suited to different 
types of organisms) contained from 
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1.6 ppm As (Fairchild’s and Difco “Neopep- 
tone”) to 3.75 ppm As (Witte’s, Rostock, 
fresh), and that one sample of “stale” 
Witre’s peptone (3 years old) contained 8.0 
ppm As;$ (3) that, for bacterial growth 
purposes, the optimum arsenic concentration 
in these peptone ingredients appeared to 
range from 2 to 4 ppm As; (4) that arsen- 
ophile mold organisms, implanted on slants 
and plates of a high-arsenic (Sabouraud’s ) 
medium, showed a definite uptake of arsenic 
(although stoppered with cotton, or 
covered) after 9 to 10 days’ incubation; 
(5) that sterile glucose-agar in a Petri dish 
exposed to the air acquired micro-organisms 
from the atmosphere and at the same time 
increased in arsenic content, and, finally 
(6) that, a three-week growth-cycle experi- 
ment was run with a typical arsenophile 
mold organism, Scopulariopsis brevicaulis.§ 


Luke’s Hospital, New York, submitted this (No. 
734) with another (No. 733) sample of dry peptone 
to be blind-tested for arsenic content: the designa- 
tion of this sample, when revealed, was “Witte’s 
peptone, 3 years old, once highly satisfactory, but 
now useless as a growth producer.” Sample No. 
733 (showing 3.1 ppm As) was characterized as 
“more stimulating to growth than any other dry 
peptone.” 

§ The late Prof. J. Gardner Hopkins of Columbia 
University gave advice in these experiments, and 
he donated authentic cultures of Scopularis brevi- 
caulis (Saccardo), var. hominis, and other fungal 
and bacterial organisms; he also provided a plenti- 
ful supply of refrigerated Sabouraud’s honey- 
peptone-agar medium, composed of the following: 
peptone (Witte’s) 1.0%, comb honey 8.0%, agar 
2.0%, NaCl 0.5%, water q. s. ad 100.0%, adjusted 
to pH 7.4. When analyzed for arsenic content, 
this medium showed 70.0ug. As/100 cc. of total 
arsenic, of which 20.0ug. As was volatile at 60 
C/350 mm. Hg, and 50.0ug. As was nonvolatile. 
The total As concentration of this medium was 10 
to 12 times greater than was found in any of the 
standard media intended for bacterial growth 
purposes. The feature which distinguishes Sabour- 
aud’s medium as suited to growth of fungi—and 
particularly the arsenophile fungi *—is the carbo- 
hydrate ingredient, which is the 
relatively high content. Sabouraud’s ** 
original formula for this medium had for its carbo- 
hydrate component a special kind of crude maltose, 
obtained from a source which failed during the war 
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well-known  arsenic-tolerant or- 
ganism is typical of the arsenophile fungi, 
10 strains of which were found, by Thom 
and Raper,?* to be active producers of 
arsenical gas and to be “common in soil and 
in many other substances.” These two 
microbiologists made extensive investiga- 
tions of microflora thriving in soils that 
had been poisoned by arsenical pesticides, 
and reported that Aspergillus sydowi (14 
strains), and various types of Actinomyces 
which are commonly found in soils, grew 
well on Czapek’s agar when this was 
heavily arsenicated (with 0.1% to 0.15% of 


As2O3) for test purposes. They con- 
cluded**:; “Arsenic fungi are more 
numerous than was formerly supposed. 


Some saprophytic species, common in the 
soil, are active in the production of arsenical 
gases.”” In this experiment, special attention 
was given to the volatile As and nonvolatile 
As partitions of analysis, and the results 
yielded valuable information as to the nature 
of “background arsenic” in the laboratory, 
and some indication as to effects on growth 
of S. brevicaulis caused by arsenic uptake 
from laboratory air under aerobic conditions 
of culture. The organism, formerly known 
as Penicillium brevicaule, was implanted 
upon a weighed portion of Sabouraud’s 
honey-peptone-agar medium — suspended 
within a_ specially fabricated Erlenmeyer 


of 1914-1918. Purified maltose, or glucose, was 
found to be ineffective as a growth producer of 
“giant colonies”; and Sabouraud,” in 1925, advised 
its replacement by double the amount, or 8%, of 
the honey ingredient. Now, it is well known that 
comb honey and the nectar of flowers from which 
it is derived always contain pollen,” and that pollen 
is stored by worker bees in separate cells of the 
comb and is essential to the life of the colony; 
furthermore, it is indispensable to broodrearing in 
the spring.” Since we had found, several years 
previously,” that all anemophilous pollens when in 
the fresh state contain from 7 to 112 ppm of 
arsenic, here, then it seemed, was the growth-pro- 
ducing factor that was found lacking in the 
“purified” maltose and was insufficiently contributed 
by other components of the medium, and which lack 
had, perhaps, failed to supply the arsenical substrate 
complex that was required to produce 
colony” growth.* 


“giant 
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(250-cc.) wide-mouth flask. This Pyrex 
flask had two bent sidearms which projected 
laterally just below the neck. These open 
tubulatures (6 mm. I. D.) were bent vertically 
downward (50 mm. from bend to orifice) so 
as to admit air but prevent or minimize entry 
of sedimentary dust or bacteria from a still 
atmosphere. The mold organism was inoc- 
ulated at several points over the surface of 
the medium, which covered a ball of sterile, 
absorbent, arsenic-free, cotton, weighing 
about 1 gm. Two milliliters of the medium, 
while in the hot liquid state, had been 
spread over the cotton and allowed to 
harden. The inoculated preparation was 
suspended within the flask by a platinum 
wire, so as to hang free. A duplicate prepa- 
ration of the same sterile medium was sus- 
pended in the same way within a duplicate 
flask for control, and both 
preparations were placed together on a shelf 
of the laboratory in a position that was 
secure from all 


purposes of 


drafts or chance of air 
turbulence. At the end of 21 days (during 
June-July, 1937), the inoculated preparation 
appeared to have reached a peak of luxuri- 
ant, yellow, velvety growth, while the sterile 
control preparation in the opposite flask ap- 
peared unchanged. On the 24th day, the 
exuberant fungous growth had been plainly 
arrested, and the preparation was then re- 
moved from the flask by its platinum-wire 
suspension and promptly examined for frac- 
tional arsenic content by the two-step proc- 
The volatile (distilled) arsenic 
fraction to contain 115yg. 
As/100 cc., and the nonvolatile arsenic frac- 
tion was then isolated by oxygen-bomb 
combustion of the entire dried residue and 
found to contain only 10ug. As/100 cc. This 
result indicated that there had been a gain 
of 95yug. As/100 ce. in the volatile As 
partition, or 4.75 times more than the initial 
volatile As value for the sterile medium 
(which was As/100 cc.); and it 
indicated a loss of 40ug. As/100 cc. from 
the initial nonvolatile As content of the 
sterile medium, which had been 50xyg. 
As/100 ec. This loss was significant as con- 


was found 
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trasted with the findings in the control 
preparation, where there was found no 
change in the nonvolatile As. This latter 
preparation was left on the shelf for six 
days longer, or until the 30th day, when it 
was examined in the same way. In the con- 
trol, it was found that the nonvolatile As 
fraction had remained at a value of 50yg. 
As/100 ce., whereas the volatile As value 
had increased from 20yg. As/100 cc. to 
125ug. As/100 ce., showing a gain of 105 
pug. As/100 cc. It thus appeared (1) that 
both preparations had taken up, from the air 
of the laboratory, only a volatile form of 
arsenic; (2) that the gain of 95 pg. As/100 
cc. in the volatile As fraction, by the inocu- 
lated preparation during 24 days, consisted 
largely (42%) of arsenic that was metabo- 
lized from the nonvolatile arsenic in the 
medium, with only 58% uptake from the 
air; (3) that the greater gain in volatile 
arsenic by the sterile medium of 105yg. 
As/100 cc. was all from the air, with no 
change in the nonvolatile As content. There 
thus appeared to have occurred a 35% 
retardation in the rate of arsenic uptake 
from the air by the inoculated preparation, 
and this could be accounted for by the 
progressively diminishing exposed (adsorp- 
tive) surface of the inoculated medium 
caused by overgrowth of the fungous or- 
ganism. 

Presumably, both metabolism and uptake 
from the air of volatile arsenic went on at 
the same time, and acted to stimulate organic 
growth. Whether cessation of vegetative 
growth on the 21st day marked a_physi- 
ologic transition to a quiescent (reproductive 
or resting) stage, or whether the arsenic 
tension of the air within the flask reached a 
critical concentration which no longer stim- 
ulated, but inhibited, growth was an inter- 
esting question. 

These experimental findings showed that 
contaminations by airborne arsenic in the 
laboratory are not only from dust particles 
and atmospheric bacteria, but derive largely 
from a gaseous or vaporous phase of back- 
ground arsenic of unknown origin. From 
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clinical observations that had been made on 
the excretion of arsenic by human lungs, it 
seemed likely that exhalations from labora- 
could account for the 
‘volatile-arsenic” uptake noted in both prep- 
arations of (dust-shielded) honey-peptone- 
agar medium; however, there was a 
Bunsen-burner gas flame burning several 
hours each day in a remote corner of the 
laboratory, and this could have produced 
arsenical (vaporous solutions of 
AseQ3) that gained access to the flasks, 
and so might have contributed some contam- 
ination. 


tory personnel 


fumes 


During this second period of experience, 
with the two-step analytical procedure and 
submicrogram methods of assay, the list of 
human materials investigated comprised 
256 fractional assays of “volatile” and 
“fixed” arsenic in the blood of 56 subjects, 
57 fractional assays on freshly voided urine 
from 28 subjects, and 49 expired-air tests 
on 12 subjects. The low tolerance for blank 
tests that was in force after 1940 required 
constant vigilance in enforcing precautions 
against contamination; and more than 50 
routine checks on background arsenic were 
carried out. A separate room was provided 
at this time, equipped with window filters 
and well ventilated by an exhaust fan. The 
premises were reserved for arsenic analysis 
exclusively; all gas burners were banished, 
and no smoking was permitted at any time. 
The air tests made in this renovated labora- 
tory averaged below 0.2ug. As/10 liters, 
and the greatest impurity was recorded— 
0.41ug. As/10 liters in March, 1943—when 
smoke pollution of the open air of New 
York City, due to wartime industrial activi- 
ties, was at a relatively high level. There- 
after, the tolerance limit for background 
arsenic that was considered compatible with 
maintaining satisfactory blanks in the sub- 
microrange was arbitrarily set at 0.45yg. 
As/10 liters, as measured in a sample of 
from 6 to 10 liters of air collected on the 
laboratory bench by means of a pair of 
2-liter Pyrex leveling bottles, or else meas- 
ured through an accurately calibrated flow 
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meter operating in connection with the same 
extraction train that was used for isolation 
of arsenic from oxygen-bomb combustions.’” 
Such sampling is designed to capture all 
conceivable forms of airborne arsenic from 
the atmospheric environment. 


Intractable Interferences 


The laboratory in New York was closed 
in August, 1948, and all equipment was sent 
to Cleveland, where my collaborator, the late 
Gertrude Blodgett, was invited to undertake 
the analytical part of a serological research 
project which involved the systematic inves- 
tigation of the volatile arsenic and non- 
volatile arsenic components of fresh and 
denatured guinea pig serum in relation to 
complement titer. For this work a separate 
room was provided in the basement of the 
Institute of Pathology of Western Reserve 
University, under the direction of Prof. 
E. E. Ecker of the Department of Immu- 
nology. In this new location it soon became 
evident that there would be a marked differ- 
ence in the chemical environment, with a 
greater degree of “background arsenic’ to 
contend with than anything previously en- 
countered. It was first found impracticable 
to purify the city water (derived from Lake 
Erie) as supplied to the building, or, with 
the facilities at hand, to render it arsenic- 
free after initial treatment in the distilling 
room which supplied other laboratories of 
the Institute. This difficulty was overcome 
by establishing a regular supply of pure 
spring water, which was drawn and bottled 
at a guarded source under special precau- 
tions in a rural district of New Hampshire, 
and shipped thence by express to Ohio in 
5-gallon carboys. The small natural arsenic 
content (less than 0.3ug. As/liter) of this 
spring water was found to be eliminated by 
distillation in an all Pyrex glass still; but, 
it was found later that this distilled and 
As-free water, if exposed to the air of the 
laboratory for any length of time, tended to 
take up arsenic from the air to a degree 
that made it useless. 
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Up to January, 1949, it was believed that 
the cause of failure to obtain satisfactory 
blanks was chiefly, if not entirely, due to 
arsenical impurity that was inherent in, or 
acquired by, the new samples of chemical 
reagents (hydrochloric and sulfuric acids, 
zinc metal and stannous chloride) that were 
not up to the pre-War standards of purity. 
At length, however, the highly irregular 
arsenic values shown in the persistently high 
blanks suggested that there must be some 
other explanation. It was finally realized 
that contamination from background arsenic 
had become a greater hazard than had ever 
been contemplated in all previous work. 
The observations that led to this realization 
were as follows: 1. A sample of dust swept 
from the window sill of the laboratory 
showed an As-content of 166 ppm, which 
was comparable to the average, 156 ppm As, 
that had been found in a series of cellar 
sweepings in New York City, and it con- 
tained 4.4 times more arsenic than the aver- 
age (37.8 ppm As) that had been found 
in 71 samples of vacuum-cleaner dusts from 
New York City domiciles. 2. The first volu- 
metric air test made in the Cleveland labora- 
tory showed 0.84yg. As in a 5-liter sample 
of air, or 16.8ng. As/100 liters. This was 
more than seven times the average air test 
observed in the New York laboratory and 
nearly four times the tolerance limit of 
4.5ug. As/100 liters. 3. A 10-ml. sample of 
As-free sulfuric acid (known to contain less 
than 0.02ug. As), when exposed to the air 
of the laboratory in an open dish for 72 
hours, showed an arsenic uptake of 0.34yg. 
As when tested after this exposure. 4. The 
chief source of trouble was found to be a 
gas flame used to operate a water still in a 
corner of the laboratory. When this gas 
burner was replaced by an electric heating 
unit and a general clean-up of the premises 
accomplished, a test on 5 liters of air col- 
lected on the operating bench showed 
0.34ug. As, or 6.8ug. As/100 liters, which, 
although a marked improvement, was still 
far from satisfactory. A survey of condi- 
tions causing special pollution of the atmos- 
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phere of Cleveland showed the recent 
acquisition of a “natural gas” supply and 
the long-existing air pollution from smelting 
of iron ore with bituminous coal at the 
water front; a situation which could pro- 
duce a greater concentration of arsenic in 
the outside atmosphere than would be ex- 
pected in New York and some other indus- 
trial cities. 

There were, however, certain intramural 
sources of air pollution which called for 
close scrutiny, and some of these—or a 
combination of them—could produce a more 
potent cause of interference than the outside 
sources. These near-at-hand potential fac- 
tors could cause arsenic-contaminated air to 
enter the laboratory by down-drafts from 
other parts of the building and derived from 
various definite sources or airborne arsenic, 
such as (a@) numerous gas jets burning in 
other laboratories of the building; (db) 
vaporous emanations from rooms used for 
production and sterilization of microbiologi- 
cal culture media; (c) animal colonies; (d) 
respiratory arsenic, cigarette smoke, and 
ashes arising from human sources, and dust 
from human traffic in corridors, lecture halls 
and laboratories throughout the building. 
Added to these, there could be unsuspected 
factors such as (e) smoking (against rules 
and after working hours) within the labora- 
tory, or in the hallway adjoining, and (f) 
other lapses in precautionary measures sup- 
posedly in force. Although long considered 
only a theoretical danger, an unquestionable 
source of contagion is air exhaled from 
the lungs and upper air passages by the 
laboratory technician when conducting cer- 
tain analytical operations; for, unless special 
precautions be practiced in the use of 
manually operated pipettes and wash bottles, 
and particularly in the use of a cloth face 
mask, of surgical operating-room type cov- 
ering nose and mouth, while making dilu- 
tions of arsenic-free reagents and when 
handling test samples, direct contamination 
from this source is likely to occur. This 
hazard is beyond doubt, since it was estab- 
lished by previous investigation that the 
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average arsenic concentration in the respira- 
tory gases of city dwellers of both sexes 
(including smokers and nonsmokers) was 
11.15ug. As/100 liters," a concentration 
nearly three times greater than the tolerance 
limit set for laboratory air. During this 
third period of operation the precautionary 
measures taken were not sufficient to reduce 
the level of background arsenic to the accep- 
table tolerance limit. The lowest laboratory 
air test obtained in the entire experience at 
Cleveland was 6.lug. As/100 liters, and this 
was, of course, prohibitive. 

In January, 1950, after 15 months of 
unsuccessful endeavor to get consistent and 
satisfactory blank tests, during which time 
hundreds of exploratory arsenic microdeter- 
minations had been made, the essential con- 
ditions for reliable operation the 
laboratory had not been achieved. And 
there still lay ahead unknown complications 
to be met, in the liability to arsenic contami- 
nation of prospective test material from 
other laboratories in the building. Since no 
funds were available with which to organize 
a new attack on the fundamental problem 
of intractable background arsenic interfer- 
ence in the operating milieux, all work was 
halted in February, 1950, and the main 
research project—which was, of course, de- 
pendent upon its analytical implementation 
—had to be abandoned. 

These experiences have here been detailed 
to emphasize formidable pitfalls that may, 
and should, be avoided by future laboratory 
workers in this field. A retrospective esti- 
mate of imperfect performance in micro- 
chemical practice is similar to that of a 
hospital surgical service, where strict asepsis, 
perfection of procedural technique, and 
constant vigilance are the watchwords of 
success. Volatile losses and background 
arsenic are ubiquitous operational and en- 
vironmental risks that may not be safely 
disregarded: they may even haunt the most 
sacred precincts of biochemical and cyto- 
chemical research. 
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Summary and Conclusions 


Methods of sampling in investigations of 
environmental arsenic are critically exam- 
ined. Errors of loss and gain which may 
occur in submicrogram assays of arsenic 
are defined and discussed. Errors of loss 
are due to volatile components of unstable 
organic substances that may escape capture 
and assay through faulty preparation or 
processing of the sample. Errors of gain, in 
addition to those due to initial reagent im- 
purity, are induced by “background arsenic,” 
which includes numerous factors of contam- 
ination. In large institutions, containing 
various laboratories with teaching facilities, 
there are usually many gas burners fre- 
quently in use, and these emit arsenical 
fumes which may permeate the building. 
A source of contamination, not generally 
recognized, is the arsenic exhaled by human 
lungs and in bacteria expelled in vapor from 
the upper respiratory passages. These in- 
fections, with such obvious sources of arse- 
nic as widely prevalent cigarette smoking 
(and ashes therefrom), comprise a pattern 
of environmental arsenic that applies to 
atmospheric conditions and practices which 
exist in many biologic research laboratories. 

Microdeterminations of arsenic may be 
prohibited, or seriously invalidated, unless 
freedom from background arsenic interfer- 
ence is maintained within very strict limits; 
and this requires a vigilance similar to that 
of a surgical operating-room staff. In view 
of the factual data recited, it is apparent 
(1) that location of a laboratory devoted 
to the microdetermination of arsenic is all- 
important; (2) that in any large institutional 
building the location should be on an upper 
floor, away from gas burners, classrooms, 
frequented corridors, and all dusty disturb- 
ances of human traffic; (3) that routine air 
testing for background arsenic is an indis- 
pensable precaution, even where security by 
air-conditioning is assumed. It is further- 
more recommended (4) that laboratory 
personnel be trained in a strict ritual of 
asepsis, and that they be monitored at inter- 
vals as to their expired-air arsenic; (5) that 
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a cap and face mask be always worn by the 
technician when making dilutions of arsenic- 
free reagents, etc., and (6) that an expired- 
air test which exceeds lyg.As/5 liters should 
disqualify from service in the laboratory. 


Laboratory expenses in development of apparatus 
and in analytical operations covered by this report 
(from 1930 to 1949) were partly met by donations 
from six persons who wished to aid efforts to 
study “The Biological Significance of Arsenic 
in the Atmospheric Environment”: L. T., In 
memory of A.S.T., M.D.; E.S.B., and C.S.S. 
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Sulfate 


Introduction 


In an experiment already reported,’ the 
question regarding the existence of a particle 
problem was investigated by intratracheally 
insufflating 26ug. BaSO, containing up to 4.5 
me. S* into three groups of rats. No 
damage that could definitely be attributed to 
the radioactive particles was found during 
a nine-month observation period. These re- 
sults were in sharp contrast to those reported 
by Lisco and Finkel,? who, after delivering 
absorbed doses of about the same order of 
magnitude with a Ce'* aerosol as was ad- 
ministered by the S*, found that the Ce'* 
was carcinogenic for the lung. 


One striking distinction between the two 
experiments was the difference between the 
pulmonary retention times. In the case of 
the BaSO, particles, the half-life in the 
deep respiratory tract was about two to 
three days**; 30% of the CeO aerosol 
particles was found in the lungs 180 days 
after exposure.® It was therefore inferred 
that a long-continuing insult from the radio- 
active particles may be a factor in deter- 
mining the degree of hazard from inhaled 
radioactive particulates. This hypothesis was 
tested by chronically exposing a group of 
rats to BaS*®°O, particles. 


Experimental Techniques 


A group of 24 female albino rats, of the CFW 
strain, whose average weight was 244 gm., was 
exposed by intratracheal insufflation to 375yuc S* 
once a week for 10 consecutive weeks. Sulfur-35 
is a pure beta emitter whose half-life is 87 days, 
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Bronchogenic Carcinoma from Radioactive Barium 


H. CEMBER, M.S., and J. A. WATSON, M.S., Pittsburgh 
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Fig. 1.—Autoradiograph showing distribution of 
barium sulfate in lung of rat killed immediately 
after insufflation. 


and whose maximum energy beta particle is 0.169 
mev. The radiosulfur is made in the Oak Ridge 
graphite reactor by the Cl* (n,p)S®* reaction, and 
is available as carrier-free H2S*O, in 0.1 normal 
HCl solution.* The BaSO, particles were made 
by diluting the acid to 0.002 N, adulterating with 
0.002 N nonradioactive HzSO,. to achieve a spe- 
cific activity of 101.5 curies per gram sulfur (the 
specific activity of carrier-free S® is 43,000 curies 


*The S®*® was obtained from the Oak Ridge 
National Laboratory, Item S-35-P-1, O. R. N. L., 
Radioisotope Catalogue, Jan., 1957. 
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per gram), neutralizing the adulterated acid with 
NaOH, and then precipitating the radioactive 
BaSO, by the addition of excess BaClk to the 
NasSO, solution. This treatment resulted in par- 
ticles whose size distribution was 1.45+0.40u and 
whose specific activity was 7.6X10“ye per particle. 
After preparation and washing, the particles were 
resuspended in isotonic saline at a concentration 
of 2500uc per milliliter, corresponding to 173yg. 
BaSO, per milliliter. Of this suspension, 0.15 ml., 
containing 26ug. of BaSO, was taken up into a 
0.5 cc. tuberculin syringe and directly introduced 
into the lungs through a blunt 18-gauge hypoder- 
mic inserted through the pharynx into the trachea 
until the bifurcation was reached. That a good 
distribution of the barium sulfate particles was 
achieved may be seen in Figure 1, autoradiographs 
made from different parts of the lung of an animal 
that was killed immediately after insufflation. 
Similar autoradiographs made from different rats 
confirmed the penetration and distribution of the 
particles throughout the lung. Fresh batches of 
particulate suspension were made for each weekly 
exposure. Random samples of the suspension were 
taken during the insufflation proceedings and were 
assayed for activity. A thin (1.6 mg. per square 
centimeter) end window Geiger counter that had 


been standardized with a calibrated C" beta ray 
standard+ was used for all measurements of 
activity. 

Two groups of control rats were kept. One 
group of 24 rats underwent a treatment similar to 
those that were dosed with radioactive BaSO,. 
except that 26ug. of inert BaSO, were used dur- 
ing each exposure. Fourteen rats were kept as 
colony controls. Throughout the experiment, the 
rats were kept in cages containing two animals 
each, and were permitted to partake freely of food 
and drink. When an animal died, an autopsy was 
performed and histologic sections were made of 
the lungs, liver, kidneys, spleen, femur, sternum, 
vertebrae, submaxillary gland, and lymph nodes. 


Dosimetry 


Biologically meaningful methods of de- 
scribing the absorbed dose from discrete 
radiation sources have not yet been agreed 
upon. Physically, however, the dose can be 
expressed in several different ways. Among 


+ Baird-Atomic Instrument Company, Catalogue 
No. 1225. 
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these are the average doses to the organ 
obtained by assuming that energy absorption 
is uniform throughout the organ, the average 
dose to a sphere of tissue whose radius is 
equal to the range of the beta radiation, and 
by describing the dose rate as a function of 
distance from the particle. The last-men- 
tioned method shows that the dose rate close 
to the particle is very intense, and that it 
falls off rapidly as the distance from the 
particle increases. This nonuniform distri- 
bution of absorbed energy is, in fact, the 
basis of the current uncertainties regarding 
the biological effects of inhaled radioactive 
dusts.* Since no damage had been observed 
(in earlier work) from either a single or 
from several intrapulmonary BaS**O, par- 
ticles,! the average dose to the lung was 
calculated. 


If 1.5 gm. is used as the mean weight of 
the lungs,’ then the initial dose rate to the 
lungs may be calculated as follows: 


s 
3.75 x 10%/pe 3.7 x 5.9 10-2 MEY 10-0 8,64 x 10088 
day — 


ergs 
1.5 gm. x 100 = /rad 
gm. 
rad 


=755 
day 


lf the quantity of activity in the lung 
changes with time, then the total dose over 
any time period is given by 


ti 
where D, is the initial dose rate and f(t) is 
the function that describes the relationship 
between the quantity of activity and the time 
after insufflation, 


“te 
Doxe=D. | dt, 


The pulmonary retention function usually 

is of the form 
f(t) Age“*2*, 

The first term is thought to represent reten- 
tion in the upper respiratory tract, and the 
second term to describe the quantity in 
the deep respiratory tract. A, and Ag are the 
fractions of the dust deposited in the upper 
and lower respiratory tracts respectively. 
For this two-compartment model, a;, the 
clearance rate from the upper respiratory 


tract, is usually very much greater than 
4.8 
ag.” 
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It should be noted that the dose calculated 
in this manner gives only an estimate of the 
total dose that any particular animal re- 
ceived. The total dose depends very strongly 
on the pulmonary turnover rate, and coeffi- 
cients of variation ranging from 0.04 to 
0.49 have been observed among lung elimi- 
nation data.* In two experiments, for ex- 
ample, clearance rates of 20% and 35% 
per day from the deep respiratory tract were 
found.** Using the pulmonary clearance 
data from these two experiments and assum- 
ing that the pulmonary clearance mecha- 
nisms were not affected by the repeated 
radiological insults, that is, that the clearance 
rate for the last exposure was the same as 
for the first, the dose delivered to the lungs 
during the 10 exposures is probably between 
12,000 and 20,000 rad. 


Results 


During the course of the insufflations, 
eight of the experimental rats and nine rats 
from the inert control group died. In the 16 
experimental rats that survived the complete 
series of treatments, the first death occurred 
60 days after termination of exposure, and 
the last rat died 499 days postexposure. 
Four experimental animals were killed. In 
each case, however, the rat seemed to be in 
very great physical distress, as evidenced 
by an emaciated appearance, difficulty in 
breathing, and bloody nares; and it probably 
would have died soon if it had not been 
killed. The distribution in time of the deaths 
is shown in Figure 2. The high mortality 
rate observed in the case of the rats treated 
with the radioactive particles is in sharp 


PER CENT DEAD 
125 25 325 50 625 


100 
DAYS AFTER END OF EXPOSURE 


Fig. 2.—Distribution of time of death of animals 
after end of chronic insufflation. 
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Fig. 3.—Adenomatoid alveolar proliferation and 
squamous metaplasia in rat that died 136 days after 
end of exposure to BaS*O,. 


contrast to the death rate found in the two 
control groups. Among the rats that were 
treated with the nonradioactive barium sul- 
fate particles, 3 of 15 rats died at 117, 437, 
and 500 days respectively after termination 
of exposure. In the case of the 14 animals 
held for colony controls, one died 280 days 
after the end of the radioactive insufflations 
from a_reticulum-cell sarcoma that had 
spread throughout the abdominal cavity and 
into the lungs, and another rat died from 
murine pneumonia at 369 days. 

The rats in the group that had been ex- 
posed to the radioactive particles showed 
many types of severe pulmonary changes. 
Dilated bronchi filled with pus, atelectasis, 
emphysema, fibrosis, interstitial pneumonitis, 
bronchiectasis, edema, squamous metaplasia, 
and squamous-cell carcinoma are among the 
pathology findings. One rat died from a 
fibrosarcoma that had metastasized to the 
lungs and kidneys. Both control groups, on 
the other hand, showed very little pulmonary 
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Fig. 4—Squamous metaplasia in lining cells of 
bronchus; rat died 136 days after insufflation. 


pathology. The main finding was mild 
murine pneumonia, a condition reported to 
be endemic among all rat colonies unless 
special care is taken to provide an aseptic 
environment for several generations of rats.® 

The observations of greatest interest are 
the squamous metaplasias and the squamous- 
cell carcinomas found among the rats that 
had survived the complete series of radio- 
active insufflations. Marked squamous meta- 
plasia was found in the lungs of two rats 
that had survived for 136 and 113 days 
respectively. The tissue section from the 
first animal, Figure 3, shows adenomatoid 
alveolar proliferation with squamous meta- 
plasia of the lining cells. Figure 4, a photo- 
micrograph from the second rat, shows 
squamous metaplasia in the lining cells of the 
bronchi, with focal areas showing dispolarity 
of the lining cells, dark nuclei, and several 
mitotic figures. 

A severer change than that noted in either 
of the above two animals was found in an- 
other rat that had been killed 113 days post- 
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Fig. 5.—Premalignant dysplasia or carcinoma 
in situ; rat was killed 118 days after exposure. 


exposure (this is, one of the rats described 
earlier as having been killed because death 
appeared imminent). Figure 5 is a photo- 
micrograph of a tissue section that showed 
adenomatoid alveolar proliferation and a 
markedly hypertrophic smooth muscle coat 
in a bronchus. The epithelium of this bron- 
chus shows an area in which the cells have 
become stratified, dispolarized and polygonal 
with dark, large nuclei. This is thought to 
represent either premalignant dysplasia or 
carcinoma in situ. 

Two rats that died 312 and 319 days after 
exposure had squamous-cell carcinomas in 
the lung, but no metastases. Figure 6, a lung 
section from the rat that survived 312 days, 
shows a_ well-differentiated squamous-cell 
carcinoma with areas of necrosis and keratin- 
ization. In Figure 7 it may be seen that 
this tumor invaded the mediastinum and 
partially surrounded the esophagus. A lung 
section from the other rat is shown in Fig- 
ure 8. Here an epidermoid carcinoma com- 
posed of well-differentiated squamous cells, 


233 


= 
> 


A. M. A. ARCHIVES OF INDUSTRIAL HEALTH 


te. 


~ 


Fig. 6—Squamous-cell carcinoma in lung of a 
rat that died 312 days after insufflation. 


keratin pearls, and anaplastic cells with large, 
dark nuclei may be seen. 


Conclusion 


The experiment confirms the hypothesis 
that the duration of radiological insult is a 
factor in determining the degree of hazard 
from inhaled radioactive particulates. 

The fact that squamous metaplasia of the 
bronchial epithelium and bronchogenic squa- 
mous-cell carcinoma were found among the 
experimental animals clearly demonstrates 
the carcinogenic properties of intrapulmo- 
nary radiation. An atmospheric concentra- 
tion of 9X10~-*uc S*® per milliliter of air, 
assuming a ventilation rate by the rat of 60 
liters per day,’® corresponds to the insuf- 
flated dose of 375uc per week. This con- 
centration is only 900 times greater than 
the maximum allowable atmospheric concen- 
tration"! for S**. In view of the relatively 
high incidence of squamous-cell carcinoma 
in the lungs of rats that were exposed to the 
BaS*°O, particles, this experiment suggests 
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Fig. 7.—Invasion of mediastinum by carcinoma 
in rat that died 312 days after insufflation. 


Fig. 8.—Epidermoid carcinoma in lung of rat 
that died 319 days after insufflation. 
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that the MAC value for continuous exposure 
to S* is set too high, and that a more con- 
servative value should be considered. 


Summary 

Sixteen rats survived an exposure regimen 
involving weekly intratracheal insufflations 
of 375uc S* in the form of 1.45y diameter 
BaS,O particles. Of this group, two rats 
showed severe squamous metaplasia in the 
lungs; one animal had an area in the bron- 
chus that is thought to be either premalig- 
nant dysplasia or carcinoma in situ, and two 
rats had extensive bronchogenic squamous- 
cell carcinomas. Since the insufflated dose 
corresponds to an atmospheric concentration 
only 900 times the recommended maximum 
permissible concentration, it is suggested that 
a more conservative value be considered for 
continuous exposure to S*. 

Mr. Jack Thomas prepared the tissue sections, 
and Dr. L. Gamboa made the pathology interpreta- 
tions. 

University of Pittsburgh Graduate School of 
Public Health (13). 
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Critical Evaluation of a Filter-Strip Smoke Sampler 


Used in Domestic Premises 


ROY J. SHEPHARD, M.B., Ph.D.; GEOFFREY C. R. CAREY, M.B., D.P.H., and 


JOHN J. PHAIR, M.D., Dr.P.H., Cincinnati 


The concept of obtaining a measure of the 
amount of “smoke” in the atmosphere by 
drawing a known volume of air through a 
white filter paper and estimating the density 
of the deposit thus formed has been known 
to workers in the fields of public health and 
industrial hygiene for many years. The 
first automatic sampler based on this princi- 
ple was devised in 1918 by Owen.!® In his 
apparatus a series of smoke spots were ob- 
tained at the periphery of a large circular 
sheet of filter paper, and these were subse- 
quently evaluated by visual comparison with 
a standard, arbitrarily calibrated, density 
chart. 

In recent years, several improvements 
have been introduced.'"' The intermittently 
acting siphon has been replaced by a con- 
tinuously operating electrically driven pump; 
the filter paper is arranged in a continuous 
strip moved forwards at regular intervals; 
the density of the smoke deposits is evalu- 
ated by photoelectric methods, and the whole 
apparatus has been reduced to compact por- 
table dimensions that permit its use in a 
variety of domestic and industrial situations. 
Two basic premises underlie use of a filter- 
paper sampler as thus described. These are 
as follows: 1. Suspended particulate matter 
is in fact removed from a given atmosphere 
by drawing it through a suitable strip of 
filter paper. 2. The amount of suspended 
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matter removed may be estimated accurately 
by densitometric methods. 


It is also important that the volume of air 
sampled should be reasonably constant from 
day to day, and where the service interval is 
several days some means of identifying in- 
dividual smoke spots is desirable. The use 
of the equipment in domestic premises for 
periods of several months presents other 
interesting problems, with regard both to 
installation of the apparatus and to inter- 
pretation of the results obtained. 

The purpose of the present paper is to 
evaluate critically information obtained from 
one modern type of filter-strip sampler (The 
American Iron and Steel Institute apparatus, 
hereafter described as the A. I. S. I. sam- 
pler) to determine how far the above basic 
and subsidiary criteria are satisfied under 
laboratory, domestic, and field conditions, 
and to suggest modifications of technique 
that may result in more efficient use of the 
apparatus. 


Efficiency of Single-Stage Sampling 

If quantitative significance is to be at- 
tached to the amount of particulate matter 
deposited on the filter-paper strip, it is neces- 
sary that the filter paper should remove 
either all suspended matter or a constant 
proportion of the particulate matter present 
in any atmosphere. A hint that difficulty 
may arise in satisfying this criterion is 
given in Table 3 of Hemeon, Haines, and 
Ide.!- Summarizing their data, it can be seen 
that the same atmosphere yields very dif- 
ferent readings according to the type of filter 
paper used (Table 1). A more rigid test of 
sampling efficiency for any given atmosphere 


FILTER-STRIP SMOKE SAMPLER 


TABLE 1.—Influence of Type of Filter Paper on Optical Density of Smoke Spots * 


Readings for Lightly Readings for Heavily 
Contaminated Atmosphere Contaminated Atmosphere 
Type of Filter Paper 
Transmission 


Transmission Reflectance 


E and D 607 x 
Whatman 42 0.050 0.043 0.130 0.153 
Whatman 52 0.047 0.037 0.160 0.143 
Whatman 50 0.030 0.023 0.110 0.130 
Whatman 0.040 


* After Hemeon et al. 


is obtained by operating a two-stage sampler. pended matter * passes through the first 
This is achieved very simply by feeding a layer of filter paper (Fig. 1). There is some 
specially prepared double-wound spool of * Since these figures are based on optical density, 
Whatman No. 4 filter paper through the their accuracy could be affected by differences in 
A. 1.S. 1. machine. Comparison of the op- the size distribution of particles trapped at the first 
tical density of smoke “spots” in the first and second stages. In practice, the efficiency against 
_ smokes (for example tobacco) seems very similar 
and second spools shows that, at the levels : grt 
to that for larger dust particles, and it is not pos- 
of contamination encountered in a typical 


sible to demonstrate selective retention of particles 
experimental laboratory, 10%-20% of sus- in any one size range. 
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Fig. 1.—Relationship between optical density of first stage and percentage of suspended 
matter removed by filter paper (Whatman No. 4). 
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suggestion that relatively more suspended 
matter passes through the less dense spots; 
this may be due to a progressive blocking 
of the pores in the filter paper. However, 
the effect, if real, is not of great practical 
significance. 

A more serious problem is presented by 
variations in the thickness and texture of a 
given strip of filter paper, demonstrable as 
changes in optical density and flow resist- 
ance. The optical density of a strip of filter 
paper as measured by a simple densitometer 
(Research Appliance Co., Pittsburgh) fluc- 
tuates by up to + 0.036 about a mean value 
of 0.75. Assuming a linear relationship be- 
tween density and paper thickness over this 
limited range,7 the paper is varying in thick- 
ness by + 12%. If an average of 85% of 
suspended matter is removed by a given roll 
of paper at the first stage, it can then be 
shown that removal of particulate matter 
will vary from 81.5%-88.5% on account of 
variations in paper thickness (Fig. 2). For 
research purposes, the error might be re- 
duced by correcting for differences in per- 
centage extraction as estimated from the 
optical density of adjacent unmarked paper, 
but the procedure is too laborious for field 
survey work, and a potential error of up 
to + 3.5% must be accepted as a hazard 
of the method. The error is normally mini- 
mized by concomitant variations in flow, as 
will be explained later. 

It should be emphasized that the average 
sampling efficiency of 80%-90% is strictly 
applicable only to the type of filter paper 
used (Whatman No. 4) and to the particular 
atmosphere sampled (the experimental labo- 
ratory). Other workers have reported dif- 
ferent values for different papers and 
different atmospheres. Thus Greenburg,’ 
comparing a filter-paper method with his 
impinger (admittedly on a weight basis), 
+ Hardy, Hammel, and Murgatroyd? maintain 
that the Bouger-Beer relationship is applicable to 
diffusely transmitting substances, but direct test- 
ing of filter papers (Shephard, unpublished ob- 
servations) shows appreciable departure from this 
relationship at the optical densities commonly en- 
countered. 
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and percentage absorption of suspended matter. 


found an efficiency of not more than 72%, 
while Smith and Surprenant* reported ef- 
ficiencies ranging from 15%-100% with 
both atmospheric dust and dioctyl phthallate. 
More recently, Whitby, Algren, and Jor- 
dan ** have claimed an efficiency exceeding 
99% for both glass filter paper and millipore 
filters, although it is admitted that these 
materials do not have the tensile strength 
of standard chemical filter papers. With 
other types of dust samples, the median par- 
ticle size is an important factor governing 
sampling efficiency (Bloomfield,> Hatch et 
al.*), but this has been less easy to demon- 
strate for filter-paper samplers. Fitzgerald 
and Detwiler? have recently suggested that 
the critical size for loss of sampling effi- 
ciency is 0.24. Other physical attributes of 
a given atmosphere—shape, density, mean 


Vol. 17, March, 1958 


— 
10 


FILTER-STRIP SMOKE SAMPLER 


velocity, and electrical properties of the 
particles—may also influence the degree of 
retention. In view of the large size of the 
pores in an average filter paper, it is obvious 
that little of the particulate matter is re- 
moved by a process of straining. Drinker 
and Hatch*® suggest that the particles are 
caught by impingement against the “sticky” 
paper fibers, while Parker ® postulates co- 
agulation of the particles by electrostatic 
forces. On the other hand, First and Silver- 
man! found in their work on membrane 
filters (where a high electrostatic charge is 
rapidly developed) that particles were typ- 
ically confined to within a few microns of 
the surface, whereas filter papers are stained 
throughout their thickness. Within limits, 
changes in the velocity of flow through the 
filter paper have little effect on the efficiency 
of particle retention. Silverman and Valen- 
zuela !! found no alteration in the retention 
of iron and cadmium fumes with a 25% 
increase of flow, while Harris, LeVine, and 


Eisenbud '* found that doubling the velocity 
increased retention of an industrial aerosol 
by only 1.8%. 


The physical properties of the particulate 
constituents of outdoor air have been fairly 
clearly defined; for instance, it is known 
that the size spectrum is comparatively nar- 
row, the median diameter being of the order 
0.584, and 97% of the total number of 
particles have a diameter of less than lp 
( Bloomfield*®). Less is known concerning 
On general 
grounds it might be thought to contain 
several components, each having a charac- 
teristic median diameter: (1) outdoor air 
(median diameter 0.584); (2) fumes, par- 
ticularly tobacco in the homes of smokers 
(median diameter variously estimated at 
0.25, Greenburg and Smith, and 0.01p- 
O.lp, Munger"); (3) products of com- 
bustion, particularly in homes using an open 
fireplace—carbon (median diameter 0.2p- 


dust in domestic premises. 


Fig. 3A.—Photomicrograph of suspended matter in outside air (X 1000). 
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Fig. 3B.— Photomicrograph of suspended matter in laboratory air (x 1000). 
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contaminated by tobacco smoke. 
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Fig. 4.—Particle size distribution for laboratory and outside air. 
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0.0ln, Munger, 1952) and ash (median 
diameter > 10,). 

Direct comparison of the suspended mat- 
ter inside and outside an experimental 
laboratory has been obtained by the simul- 
taneous operation of two A. 1. S. |. samplers 
fitted with millipore filter paper. The 
sampling rate with use of this type of paper 
is roughly halved (3.5-4 L/min.). At the 
end of the sampling period (two to four 
hours) specimens of each paper were 
mounted on glass slides, rendered trans- 
parent by exposure to acetone vapor, and 
photographed in blue/green light at a mag- 
nification of 1000. Comparison of typical 
photographs (Figs. 3A and 3B) suggests 
that many of the particles in the experi- 
mental laboratory are smaller and more 
spherical in shape than those in the outside 
air, while the total count for the laboratory 
is considerably higher (1.30 10°  parti- 
cles/cu. ft. as against 0.34 10® particles/cu. 
ft.). A formal plot of size distribution ( Fig. 
4) confirms the difference of median diam- 
eter for the situations. It is 
interesting to note that the median diameter 
was further reduced by the presence of 
tobacco smoke, although it was not possible 
to demonstrate a distinct peak for this con- 
taminant with the counting technique used. 


two also 


How seriously does a change in the rela- 
tive proportions of the different components 
of domestic dust affect the validity of the 
filter-paper sampling method? Differences 
in the nature of the dust have no material 
effect. on sampling efficiency, for closely 
similar values were obtained from an office 
during the early morning (83.3% ), from the 
same office during the afternoon when the 
air was heavily contaminated by tobacco 
smoke (83.6%), from an experimental lab- 
oratory (83.6% ), and from the roof top of 
the medical school (80.5% ). However, dif- 
ferences in particle size or color will affect 
the measurements of optical density, depend- 
ing on whether loss of incident light is 
attributable primarily to scattering or to 
true absorption. The close correspondence 
between measurements made inside and out- 
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Internal CoH volves 
Externo! CoH values 
External TGA volves 
internal TGA volves 


Atmospheric Pollution (COH units /1O00 lineor ft.) 
Total Gaseous Acid p.p.m.) 


12Noon I2Night I2Noon I2Night I2Noon I2Night 
Time 


Fig. 5.—Comparison of internal and external 
values for suspended particulate matter and gaseous 
acid (Cincinnati, October, 1956). 


side a city home (Fig. 5) suggests that, 
even under relatively normal atmospheric 
conditions, the main component of suspended 
matter in an American home is drawn from 
outside air, while during “smog” periods the 
correspondence of the two measurements is 
even closer, 


Efficiency of Optical Method of 
Measurement 

The intensity of a given beam of light 
may be reduced either by absorption or by 
reflection at a given surface. At a rough 
surface, such as filter paper, as much as 
70% of the incident light may suffer diffuse 
reflection (scatter). 

The absorption of light depends primarily 
on the chemical composition of the substance 
placed in the path of the incident beam. In 
the case of a chemical deposit on a filter 
paper, absorption at any given wavelength 
will be related to the average thickness of 
the film. Suppose that » particles of radius 
r are deposited on a filter circle of radius R 
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then, assuming an individual particle to be 
spherical, its average thickness=7r?/2r= 
mr/2, and the average film thickness 
T=ntr/2X r/R? =ntr /2R?. 

Provided that the deposit is light, the 
intensity / after passage through the deposit 
will be given by the expression /=/,e~** 
whence the optical density 

D )= 
Thus if loss of light occurs purely by 
absorption and the deposit is light, the stain 
should obey the Bouger-Beer law. Strictly 
speaking, this relationship is applicable only 
to monochromatic light, but it is followed 
with reasonable accuracy by a white light 
system if the substance concerned has a flat 
absorption spectrum. It will be shown later 
that atmospheric dust usually meets this 
requirement. 

Diffuse reflection is determined largely 
by particle size. Where the median diameter 
is less than the wavelength of incident light, 
the relationship first described by Lord Ray- 
leigh should be obeyed, that is, scattering 
should be proportional to the third power 
of the particle diameter. Scatter reaches a 
maximum where wavelength and particle 
size are equal, and then decreases as the 
reciprocal of the particle diameter. 

The problem now arises, what proportion 
of the optical density of the filter paper 
deposit is attributable to scatter, and what 
to true absorption of light? If judgment is 
based purely on particle size, it might seem 
largely a scatter phenomenon. Hemeon et al. 
appear to hold this view when they write, 
“The light transmission or the light reflect- 
ance method is also a quantitative measure- 
ment of light scattering potential, an effect 
of the small particles present.” The main 
experimental evidence for this view is an 
experiment where the optical density of a 
deposit formed from raw stack gas is com- 
pared with a deposit formed from gas that 
has passed through a gravity trap removing 
85% by weight of the solid matter. It is 
recognized (Munger '*) that gas of this 
type may contain very large particles, and 
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a simple application of Stokes law shows 
that a gravity trap is relatively ineffective 
in removing particles with a diameter of 
less than 50. The fact that removal of 
particles of this size does not materially 
affect light transmission is no proof. that 
scattering is the primary optical phenomenon. 
Even if the larger particles are of the same 
color (and large ash particles are often 
white), they make a smaller relative contri- 
bution to light absorption through failure to 
obey the Bouger-Beer relationship. Calcu- 
lation of thickness of deposit shows that in 
the laboratory where an optical density of 
0.1 is typically recorded, the film averages 
only 0.01 in thickness. Thus, almost com- 
plete extinction of incident light should occur 
with a film O.lp in thickness; individual 
particles behave somewhat differently to a 
continuous film, but it is still true that as 
particle thickness is increased the increase 
in light absorption becomes progressively 
less. This principle is illustrated in Figure 
6. On general grounds, a significant amount 
of scattering seems unlikely, for even if 
dispersion of the particles were preserved 
within the structure of the filter paper (and 
the photomicrographs of Whitby et al.? 
give good evidence that this is not the case), 
they would be suspended in a medium of 
high reflectivity. Direct comparison of cor- 
responding smoke spots shows that trans- 
mission is greater when the smoky aspect 
of the filter paper is facing the light (Table 
2), presumably because scatter at the sur- 
face of the filter paper is actually reduced 
by the presence of the deposit. 

If loss of light is to be attributed mainly 
to absorption, the Bouger-Beer relationship 
should hold for thin deposits. Hemeon et 
al.’ have already noted this to be true for 
optical densities in the range 0-0.3. Read- 
ings will also be affected by the color of 
the deposit, and, if the color is controlled, 
there should be a well-defined relationship 
between optical density and mass of deposit 
for a given size spectrum. This has proved 
to be the case. Ives et al.,!° using the Owens 
filter-paper sampler,!® were able to show a 


Vol. 17, March, 1958 


FILTER-STRIP SMOKE SAMPLER 


= 


Optical Density and Mass 


ol 


Relative Number of Particles, 


Laboratory Air 


\ 
\ 


Mass distribution 


Fig. 6.—Estimated relationship between 


TABLE 2.—Optical Density of Smoke Spots (a) 
with Smoky Aspect Facing Perpendicularly 
Toward Incident Light and (b) Facing 
Perpendicularly from Incident 
ight 


Facing Light Facing Away from Light 4 
0.0434 0.0410 —0.0024 
0.0482 0.0555 +0.007: 
0.0757 0.0757 0 
0.0757 0.0862 +0.0105 
0.0915 0.1024 +0.0109 
0.1135 0.1192 +0.0057 
0.1051 0.1107 +0.0056 
0.1278 0.1278 0 
0.0942 0.0996 +0.0054 
0.0862 0.0915 +0.0053 
0.0969 0.1051 


correlation between density and mass in any 
one city, although the relationship varied 
from one city to another, owing to varying 
proportions of soot (black) and ash (white) 
in the atmosphere. More recently, Hall," 
measuring reflectance of monochromatic 
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/ Estimated optical density 
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size distribution and optical density. 


light (A=400 my), has confirmed that it is 
possible to express the level of pollution as 
measured optically in terms of mass units, 
although the conversion constant K,, varies 
from one city to another. The effect of 
differences in particle color has been studied 
in this laboratory by spectrophotometric 
methods. The visible and ultraviolet spectra 
have been analyzed with a standard Beck- 
man single-channel spectrophotometer with 
incandescent and hydrogen lamps, while the 
infrared spectrum has been examined over 
the range 1-15, using a two-channel Elmer- 
Perkins recording spectrophotometer. A 
number of dusts of differing color were in 
turn introduced into the atmosphere near the 
intake of an A.I.S.1I. sampler. The sub- 
stances investigated included pure chemicals 
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Percentage Transmittance of Light 


vv 


Key 
*—~ Dimethyl azobenzo!l in alcohol 
Dimethyl azobenzol deposit 
@—® Tobacco smoke deposit 
O—O Tobacco smoke in alcohol 
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Fig. 7—Transmittance of various filter-paper deposits and clear solutions at different wave 


lengths. 


( dimethylazobenzol—yellow ; azorubin— 
red; oxide— 
brown, and calcium acetate—white ); tobacco 
smoke, and ordinary laboratory and house- 
hold dusts. Of the pure chemicals, the best 


“spots” were obtained with dimethylazo- 


Schweinfurt—green; lead 


benzol. These appeared almost pure yellow 
in color and showed a dramatic change of 
optical density over the visible spectrum, 
with maximum absorption at approximately 
400 mp and almost complete transmission at 
the red end of the spectrum (Fig. 7). 
Tobacco smoke gave a deposit of rather 
similar color, but this increased in absorption 
even into the ultraviolet spectrum. House- 
hold dust, on the other hand, gave a rela- 
tively “flat” absorption spectrum, ranging 
in one typical experiment from 21% ab- 
sorption at 330 mp to 16% absorption at 
750 mp. Little additional information was 
gained from the infrared spectrum; most 
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of the dusts examined absorbed a high pro- 
portion of the incident light (80%-100% ), 
and this changed little over the range 1p-15,. 
In order to eliminate all possible effects due 
to scattering, clear solutions of a number 
of the above compounds were tested in a 
similar manner. An alcoholic solution of 
dimethylazobenzol gave a spectrophotometric 
curve that was almost a perfect replica of 
that obtained for dry dust at a comparable 
mean optical density (Fig. 7). This proves 
fairly conclusively that the shape of the 
optical density curve is due to true absorp- 
tion of light. An alcoholic solution of to- 
bacco smoke was prepared by lighting a 
cigarette and drawing the smoke through a 
vessel containing alcohol by means of an 
electric motor and fine capillary tube. A 
yellowish solution similar in color to the 
tobacco-stained deposit was obtained, but 
unfortunately a significant fraction of the 
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smoke passed through the alcohol without 
dissolving. However, a general similarity 
between the curves for filter-paper deposits 
and alcoholic solutions was observed. An 
attempt was also made to abstract household 
dust from the filter paper by use of a 
number of organic solvents. With several, 
such as alcohol and carbon tetrachloride, a 
fraction of the particulate matter passed into 
solution, but, as might be expected, these 
fractional solutions did not yield spectra 
that corresponded with the curves obtained 
for the dry deposit. 


Constancy of Flow Readings 


It is of considerable importance to have 
an accurate figure for the average rate of 
sampling since the A.I.S. I. sampler does 
not incorporate any method of recording 
gas flow. 

Method of Measurement.—The pump 
output may be measured quite simply by 
attaching a dry gas meter to the intake, the 
period of sampling being sufficient to smooth 
out variations due to the phasic activity of 
the pump and meter bellows. At the normal 
rate of pumping (7-8 L/min.) the pressure- 
drop across the gas meter amounted to no 
more than 1-2 mm.H,O. A plot of pres- 
sure/volume characteristics for the pump 
showed that this would not of itself reduce 
the rate of sampling by more than 0.05 
L/min. during the period of measurement. 


TaBLe 3.—Constancy of Flow Readings over Six-Hour Period: L/Min. Atmospheric 
Temperature and Pressure 


Constancy of Readings.—I\ndividual ma- 
chines differed considerably in their rate of 
sampling, but any one machine, if well oiled, 
had a fairly constant output. This is il- 
lustrated by an experiment in which a series 
of machines were tested with and without 
filter paper at 10 a. m. and 4 p. m. on the 
same day (Table 3). There was a small 
but consistent increase of flow in the after- 
noon series averaging 0.12 L/min., but this 
could be explained quite adequately by a 
5 C rise in laboratory temperature over the 
course of the day. A more interesting fea- 
ture is the significant first-order machine/fil- 
ter paper interaction. This is attributable 
almost entirely to variations in the thickness 
and texture of the filter-paper strip used 
in different machines, since an almost equal 
variation (+0.42 L/min.) was found at 
different points in one strip of filter paper 
tested in the same machine. The filter paper 
produced an average reduction in flow of 
1.09 L/min.; however, in view of the wide 
variations in this figure, the only satisfactory 
procedure in calibrating the sampling ma- 
chines is to measure the flow rate without 
filter paper and then subtract a standard 
correction of 1.09 L/min. 


It has been noted earlier that the extreme 
variation in paper thickness was +12%, 
and if this were the sole factor regulating 
flow, the range of variation in flow should 


With Filter Paper 


Effect of Filter Paper 


Machine No. 


10A.M. 4P.M. 


24 5.50 5.38 —0.12 6.24 
28 6.32 6.39 +0.07 7.15 

2 6.94 7.06 +0.12 8.16 

6 6.43 6.73 +0. 7.28 
19 5.36 5.44 +0.08 7.83 
32 6.08 6.23 +0.15 6.79 
16 6.60 6.63 +0.03 7.30 
21 6.08 6.30 +0.22 7.14 


Degrees of 
Source of Variance Freedom 


4 


Machines 

Times 

Filter paper 

lst order machines/times 
Times/filter paper 
Machines/filter paper 

Error (M/T/F) 

Total 


Without Filter Paper 
10 A. M. 


Analysis of Variance 


Sums of 
Squares Mean Square Ratio P 


4P.M. 4 10A.M. 4P.M. 


6.24 0 0.74 0.86 +0.12 
7.29 +0.14 0.83 0.90 +0.07 
8.40 +0.24 1.22 1.34 +0.12 
7.46 +0.18 0.85 0.73 —0.12 
8.07 +0.24 2.47 2.63 +0.16 
7.09 +0.30 0.71 0.86 +0.15 
7.22 —0.08 0.70 0.59 —0.11 
7.20 +0.06 1.06 0.90 —0.16 


7.0323 1.0046 223.24 <0.001 
0.1164 0.1164 25.87 <0.001 
9.4504 9.4504 2100.09 <0.001 
0.0847 0.0121 2.69 
0.0016 0.0016 0.36 an 
2.6955 0.3851 85.58 <0.001 
0.0318 0.0045 
19.4127 
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not greatly exceed 12% of 1.09 (ie., +£0.13 
L./min.). In practice, extreme values of 0.70 
and 2.63 L/min. were observed, and it 
would seem that other factors such as tex- 
ture are even more important than the 
thickness. There is no method of controlling 
variations in flow due to changes in paper 
texture apart from laborious flow measure- 
ments on either side of every “spot,” so 
once again this must be accepted as an error 
of the method. Taking a flow change of 
+0.4 L/min. on a machine sampling at 
6.3 L/min., an error of + 6% might be 
anticipated. In practice, it is usually con- 
siderably less since a thin section of the filter 
roll gives not only a higher rate of gas flow 
but a lower efficiency in abstracting sus- 
pended matter. The over-all effect of these 
two opposing factors is probably not greater 
than + 2.5%. 

The accumulation of particulate matter 
has a negligible effect on the flow rate at 
the levels of contamination encountered in 
the laboratory. This has been demonstrated 
by comparing the flow through a one-hour 
smoke deposit with flow readings obtained 
on either side of the “spot.” In no case 
was the difference greater than 1%. 


Identification of the Smoke Deposits 

If the machine has been operating satis- 
factorily, no great problem is presented. 
The timing mechanism is accurate to within 
a minute per day, and, if 24 “spots” are 
present, it is a simple matter to determine 
the period over which a given deposit was 
formed. The situation is more difficult if 
only 23 or 22 “spots” are present, as is 
unfortunately sometimes the case. Loss of 
“spots” is usually due to one of three 
causes: 1. Temporary disconnection of the 
power supply by some outside party. This is 
particularly liable to occur when the appa- 
ratus is used on domestic premises. It is at 
once apparent from the fact that the timing 
mechanism is running out of phase, but 
the problem arises for what period was the 
power disconnected. The question may be 
answered objectively by installing two elec- 
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trical clocks in the circuit.{ One has a 
synchronous motor, and therefore indicates 
the time at which the power was first dis- 
connected; the other is slow by an amount 
that indicates the period of power failure. 
2. Failure of the relay-operated intake pipe 
to descend onto the filter paper after for- 
ward movement of the spool. The fact that 
a “spot” is missing is here indicated by an 
increased distance between successive 
“spots.” 3. Failure of the relay to produce 
forward movement of the spool. This is 
indicated by a “spot” that is more than twice 
as dense as preceding and _ succeeding 
“spots.” 

Simple detective work of this type will 
often enable the investigator to obtain 22 or 
23 readings from a defective 24-hour spool, 
but the main method of treatment must re- 
main frequent on-site inspection and_re- 
placement of faulty machines. 


Problems Presented by Domestic Use of 
the Apparatus 


Several new problems arise when it is 
desired to use the A.I.S.1. sampler in 
domestic premises. From the viewpoint of 
the patient, the noise of the pump and relays 
becomes increasingly irritating over the 
course of several months, and the basic ap- 
pearance of the apparatus is not such as 
to make it an attractive permanent addition 
to the living room furniture. Domestic 
objections were largely overcome in a series 
of air pollution surveys (Thomson and 
Phair,’* Carey, Phair, Shephard, and Tur- 
ner '®) by enclosing the pump in a suitably 
stained and polished plywood cabinet and 
lining the interior with an appropriate 
sound-absorbing material. An auxiliary fan, 
mounted in the rear of the cabinet, served 
to abstract heated air and at the same time 
drew fresh air from the room through a 
port in the front of the cabinet and across 
the sampler intake. The adequacy of this 
procedure in terms of air replacement was 
demonstrated by running three machines in 


} Hall” has an electric clock fitted to his ap- 
paratus. 
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Level of Atmospheric Pollution (CoH units/1OO0O linear ft.) 


Inside cabinet 
Outside cabinet 


20 30 


Time 


50 


40 
in Hours 


60 70 


Fig. 8—Relationship between concentrations of suspended particulate matter inside and 
outside sound-proof cabinet. 


close proximity—two outside, and one inside 
the cabinet. No more than chance differences 
were found among the three smoke readings 
(Fig. 8). 

From the viewpoint of the physician, the 
main area of concern is the change in color 
of the deposit from hour to hour, particu- 
larly in the home of a heavy smoker, where 
daytime samples are often heavily stained 
with yellow material, while nighttime sam- 
ples are almost pure black in color. If 
desired, the effect of tobacco smoke can be 
eliminated almost entirely by testing the 
density of smoke deposits in red light (filter 
transmitting 570-750 mp). Such a filter 
has no effect on the recorded density of 
typical black deposits, but virtually elimi- 
nates all response to tobacco smoke. 


Comment 
1. Significance of Measurements in One 
Location.—Under field survey conditions, it 
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is not practicable to allocate more than one 
machine to each home, and it may reasonably 
be asked how far readings obtained with 
one machine at any one fixed point are 
representative of a patient’s total environ- 
ment. The basic sampling error due to dif- 
ferences between different machines and 
other uncontrollable factors, such as varia- 
tions in paper quality, was investigated by 
making 31 observations on 23 machines in 
close proximity. A formal analysis of vari- 
ance is presented in Table 4 (a). The com- 
ponent attributable to machines is very 
small (although statistically significant), and 
other factors are largely responsible for the 
total observational variance of 0.048 COH§ 
units/1000 linear ft. The implication is that 
95% of measurements made at any one 


§ A COH unit may be defined as that quantity 
of light scattering solids which when deposited on 
a filter strip produces an optical density of 0.01. 
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Fig. 9.—Relationship between density of filter-paper deposits in red and white light. 


point in a room will be within 0.4 COH laboratory. An analysis of variance is pre- 
units of the mean reading for this point. sented in Table 4 (b), from which it can 
Possible differences between different parts be seen that the component attributable to 
of a room were tested by making 66 obser- positional differences within a room is larger 
vations on seven machines located at dif- than the corresponding component of vari- 
ferent points in a fairly large experimental 


ance when all machines are sampling from 


Tae 4.—Levels of Atmospheric Pollution as Measured by A. I. S. I. Technique 
—Analysis of Variance 


Source of Variation Degrees of Freedom Sums of Squares Mean Square Expected Mean Square 


(a) Effect of Machines — 23 Machines in Close Proximity, 
31 Observations on Each 


Machines 22 3.49 0.159 o*+31 om? 
Times 30 87.18 2.906 

Machines/times interaction 660 29.07 0.044 a? 

Total 712 119.74 


Observational variance = o* + o*m = 0.0481 COH units/1000 linear ft. 
Standard error 0.219 COH units/1000 linear ft. 
Variance attributable to machines = o*m = 0.0037 COH units/1000 linear ft. 


(b) Effect of Positions — 


7 Machines in Different Positions, 
66 Observations on Each 


Positions 6 18.43 3.071 o*+65 o*y 
Times 65 843.45 12.97! 

Positions/times interaction 390 192.16 0.493 o 

Total 461 1054.03 


Observational variance = ¢?+ o*p = 0.532 COH units/1000 linear ft. 
Standard error 0.729 COH units/1000 linear ft. 
Variance attributable to positions = o*p = 0.0391 COH units/1000 linear ft. 


248 Vol. 17, March, 1958 


0.06 / a 
/ 
/ 
0.05 ele 
0.04 / 
7 
& 
. A 
0.03 Je 
e 
0.02 
4/7 

0.01 Ye 
V4 
: 
: 


FILTER-STRIP SMOKE SAMPLER 


one site. 


However, systematic positional 
differences are negligible compared with the 
position/time interaction, which in this series 
of observations increased the 95% confi- 
dence limits to +1.4 COH units for any 
one hour reading. This suggests that 
draughts can cause large temporary fluctua- 
tions of smoke levels in different parts of 
the laboratory. The situation made 
rather unfavorable in this experiment by 
open windows and the intermittent opera- 


was 


tion of a fan, but it would seem that in a 
normal home it may be necessary to take 
the mean of several readings if the total 
observational error is to be kept within 
reasonable bounds. 

Over the wider range of a large old 
people’s home, good agreement was found 
between the readings from two men’s wards 
on different floors, but in one of the women’s 
wards values were consistently set at half 
this level. The explanation seemed to be 
that the men preferred to keep their windows 
open, while the women’s ward usually kept 
their solitary window tightly closed. The 
readings for the men’s wards corresponded 
quite closely with readings obtained at an 
outdoor station of similar altitude about one 
mile distant. An even better agreement be- 
tween indoor and outdoor measurements was 
noted at the higher levels of pollution 
encountered in a downtown location (Fig. 
5). On days when the air was heavily 
contaminated (COH value > 4.0 units/1000 
linear ft.), the average ratio of indoor to 
outdoor 99.76 :100 
(Sa+3.2), while on days when pollution 
(COH value < 4.0 
units/1000 linear ft.) the indoor measure- 
the 


Two other main 


measurements was 


levels were lower 


ments actually exceeded outdoor 
(129.51:100, Sa+10.2). 
points of difference are that the indoor read- 
ings lag behind the outdoor measurements 
by one to two hours, and during the periods 
of high pollution there is less fluctuation 
about the peak values, owing to the “buffer- 
ing capacity” of air already in the house. 

2. Place of Filter-Paper Sampler in Air- 
Hygiene Survey.—The readings obtained 


Shephard et al. 


from the filter-paper samples may be con- 
sidered either in their own right or as an 
index or meteorological and other factors 
leading to the accumulation of more harmful 
atmospheric contaminants. 

(a) Direct Interpretation of Smoke Read- 
ings: While it is recognized that many types 
of suspended particulate matter in the gen- 
eral size range measured by the A.1.5. 1. 
sampler can produce harmful chronic 
changes if presented to the lungs in sufficient 
quantity and for a sufficient period of time, 
there seems no good evidence that the level 
of particulate matter normally encountered 
in an urban community is of itself delete- 
rious to the respiratory system. 

On the other hand, there is limited evi- 
dence to suggest that the presence of 
particulate matter increases the toxicity of 
other atmospheric contaminants such as sul- 
fur dioxide (Pattle” Amdur 7"), perhaps 
simply by absorption of gas onto particles 
of a size that are more readily retained 
within the human lungs, perhaps in a more 
subtle fashion by increasing the effective 
concentration of the irritant gas. 

If it is desired to investigate this aspect 
of atmospheric pollution, then only particles 
in the size range 0.5u-5.0u are of practical 
importance. It would seem from Figure 6 
that the A.I.S.1. sampler does in fact 
respond best to particles around 1, in size, 
although its specificity might be further im- 
proved by the use of suitable preliminary 
screens and filter papers of mesh that fail 
to retain particles smaller than 0.5p. 

(6). An Index of General Atmospheric 
Pollution: The optical density of the 
A. 1.5. 1. deposits shows quite a fair cor- 
relation with changes in the general metero- 
logical situation and with fluctuations in the 
level of other pollutants, such as sulfur 
dioxide, particularly under conditions of in- 
creased pollution. 

(1) Relation to meterological changes. 
This is illustrated by a period where nightly 
temperature inversions were occurring to an 
altitude of 1000-1100 ft. (Fig. 10). To 
facilitate the comparison, smoke readings 
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Percentage of Suspended Matter Removed at First Stage 


Fig. 10.—Relationship between concentration of suspended particulate matter and temperature 


inversions. 


have been arranged in six hourly groups 
to coincide with the temperature measure- 
ments. The time of maximum inversion (4 
a.m.) and of minimum inversion (4 p.m.) 
corresponds fairly closely with the maxima 
and minima of the smoke curves. Cholak, 
Schafer, Yeager, and Kehoe ** in their study 
of air pollution in the Los Angeles area 
also commented on the fact that the par- 
ticulate matter in the atmosphere reached a 
maximum concentration when there was low- 
lying haze, and that this haze corresponded 
with low-level temperature inversions. 

(2) Relation to total gaseous acid. Total 
gaseous acid has been determined at all 
points where A.I.S.1. samplers have been 
operating in the city—either hourly, using 
the Wilson Sequence Sampler, or every six 
hours by means of a modification of the 
Kettering midget sequence sampler (Carey 
and Shephard **). Graphic comparison of 
the two groups of data (Fig. 5) is sufficient 
to indicate that there is quite a close cor- 
relation between fluctuations in smoke and 
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total gaseous acid readings, the general 
agreement being rather better than might be 
anticipated for a city community that burns 
little solid fuel. In the downtown location 
(Fig. 5) there was apparently a slight lag 
(one to two hours) between the rise in 
smoke and total gaseous acid levels—pre- 
sumably because there was no serious source 
of sulfur dioxide in the immediate vicinity. 
At a second outdoor station, nearer to the 
manufacturing area of the city, this lag was 
not observed. This suggests that the 
A.1.S.1. sampler is indicating partly local 
production of particulate matter and partly 
the general level of contamination in the 
atmosphere of a city; where the main source 
of any one pollutant is at some distance 
from the point of sampling the smoke read- 
ings will not give a good hour-by-hour pic- 
ture of fluctuations in that pollutant, but if 
allowance is made for the phase lag, it. 
should be possible to obtain a reasonable 
index of over-all exposure to a pollutant for 
a given 24-hour cycle. 
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FILTER-STRIP SMOKE SAMPLER 


Summary 


The efficiency of the A.1.S.1. smoke 
sampler is 80% to 90% with use of What- 
man No. 4 filter paper. This efficiency is not 
affected by commonly encountered domestic 
changes of median particle size (0.2p-0.5p) 
but does vary with changes in thickness 
and texture of the filter paper. 

Spectrophotometric and other optical 
tests suggest that the density of smoke 
deposits is attributable to absorption rather 
than scattering of light and is greatly in- 
fluenced by the color of the deposit. Density 
is largely an expression of the number of 
small dust particles, since the larger par- 
ticles deviate increasingly from the Bouger- 
Beer Law. 

The main source of variation in sampling 
rate is a change in thickness and texture 
of filter paper. This effect is reduced by 
concomitant variations in sampling efficiency, 
but there is a residual error of at least 
+ 2.5%. 

In domestic use, problems of noise and 
appearance may be overcome by a suitable 
design of cabinet. Variations in color of 
the deposit caused by periodic contamination 
with tobacco smoke are not important if 
readings are made in red light. A reduced 
frequency of servicing leads to occasional 
instrument failure, and methods of minimiz- 
ing loss of information are discussed. 

Even if measurements are made at only 
one point in the patient’s immediate environ- 
ment, the sampling error is sufficiently small 
for the readings to have considerable prac- 
tical significance, with respect to the local 
concentration of particulate matter and also 
the general contamination of the atmosphere 
with other potentially harmful materials. 


University of Cincinnati College of Medicine. 
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Localization of Mercury in the Kidneys After 
Subcutaneous Administration 


A Study on Rabbits with Mercuric Chloride and Phenylmercuric Acetate 


ANDERS BERGSTRAND, M.D.; LARS FRIBERG, M.D., and ERIK ODEBLAD, M.D., Stockholm 


In an earlier report,’ Friberg, Odeblad, 
and Forssman described studies on the dis- 
tribution of radioactive mercury in rabbits 
one and six days after subcutaneous injec- 
tion of mercuric chloride or phenylmercuric 
acetate. The mercury in the kidneys accu- 
mulated in the cortex, and there was a 
distinct pattern of renal distribution. No 
mercury was demonstrated in the glomeruli. 
The method used, however, did not permit 
more detailed localization of the injected 
substance. No important difference was 
found between the distribution of organic 
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and inorganic mercury, or between the speci- 
mens taken one day and six days after the 
injection. 

The present paper concerns the results of 
some continued studies on the localization 
of mercury in the kidneys. The histologic 
specimens were prepared as in the previous 
report,! using the same rabbits. The expo- 
sure time for autoradiography and the type 
of film differed, however. As regards the 
experimental conditions and the method in 
general, the reader is referred to the earlier 
paper. In brief, the mercury (Hg*"*), as 
mercuric chloride and as phenylmercuric 
acetate, Was injected subcutaneously in rab- 
bits in a dose corresponding to 2 mg. Hg 
per kilogram of body weight. The kidneys 


Fig. 1.—Autoradiograph (right) and paraffin section (left) of kidney six days after sub- 
cutaneous injection of phenylmercuric acetate. |”=arciform veins at the junction of the cortex 
with the medulla. Reduced about 33% from mag. X 25. 


N. B. In all autoradiographs in this study the blackened parts denote radioactivity, the 


reverse of earlier illustrations.’ 
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A. 


Fig. 2. 
graph of 


— Autoradio- 
renal section 
six days after injection 
of mercuric chloride. Re- 
duced about 28% 
mag. X 25. 


from 


after the 


were studied one and six days 
injection. 

Deparaffinized sections about 10 in thick- 
ness were used. Exposure was made for 
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about three months on Agfa Printon Rapid 
film. The films were developed during two 
and one-half minutes in Gevaert G 209 A 
at +19 C. The dissolving power was ap- 


Fig. 3.—Autoradiograph (right) and parattin section (left) of medullary ray. The auto- 
radiograph has been photographed with the paraffin section as background. /’=interlobular 


veins. Reduced about 20% from mag. X 150. 
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LOCALIZATION OF MERCURY IN KIDNEYS 


Fig. 4.—Autoradiograph (right) and paraffin section (left) of subcortical stratum. 
autoradiograph has been photographed with the paraffin section as background. 


veins; A=arciform arteries; G—=glomerulli. 


from neighboring active regions of the section. 


proximately 12n. From each rabbit two to 
four autoradiographs were prepared. A fter- 
wards the sections were stained with hema- 
toxylin-eosin for comparison with the 
autoradiographs. 


Results 

Comparison between the autoradiographs 
and the histologic sections (Figs. 1 and 
2) showed that the mercury invariably 
accumulated in the cortex and the sub- 
cortical stratum. As _ regards the renal 
anatomy, we have proceeded from the 
description given by Heidenhain? i 
1937 (Fig. 5), in which the boundary 
tween cortex and medulla is located at 
level of the arciform arteries and veins. In 
all sections (11 rabbits) a radiating struc- 
ture was observed. In the sections taken 


six days after injection of organic mercury 


(three rabbits), a further accumulation of 
mercury to the subcortical region had also 
taken place (Fig. 1). 

Figure 3 shows that much of the activity 
in the renal cortex derived from the regions 
around the interlobular veins and the neigh- 
boring straight tubules. In the subcortical 
stratum (Fig. 4) the activity could be traced 
to the tubular epithelium between the arci- 
form veins. No activity was demonstrated 
in the glomeruli. 


Comment 
As in earlier investigations ' the injected 
mercury accumulated in the cortical region. 


Bergqstrand et al. 


The 
’=arciform 


The density of granulation over vessels and 
glomeruli is not too high to be explained by the film’s own background and ‘ 


‘cross radiation” 
Reduced about 28% from mag. X 150. 


Fig. 5.—Diagrammatic presentation of renal 
zones. NK=glomeruli; Hpt—proximal part of 
convoluted tubule; P. R.=pars recta; sp. K.=dis- 
tal part of convoluted tubule; H. 5. d.=Henle’s 
loop (narrow part); H.S.br.=Henle’s loop 
(broad part) ; k. H. S.=Henle’s loop (short part) ; 
l.H. S.=Henle’s loop (long part); Sch—distal 
convoluted tubule; Sm—collecting tubule. 
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In the present study, however, mercury 
was also demonstrable in the subcortical 
stratum. In sections taken six days after 
injection of organic mercury, the activity in 
the latter region was even higher. Whether 
or not this is specific for organic mercury 
could not be definitely decided, as the num- 
ber of rabbits studied was small. 

As regards the more detailed localization 
of mercury, this study, like the previous one, 
failed to demonstrate activity in the glomer- 
uli. The radiating structure in the cortex, 
and the presence of activity in the region of 
the interlobular veins and_ the straight 
tubules, suggest that much of the injected 
mercury accumulated in the collecting 
tubules in the medullary rays. Further, the 
distal portions of the proximal convoluted 
tubules and the wide parts of Henle’s loops 
were seen to contain abundant mercury. It 
is mainly these regions which are contained 
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in the subcortical area (Fig. 5), i. e., where 
high activity was recorded. 


Summary 


Rabbit kidneys were studied by auto- 
radiography one and six days after sub- 
cutaneous injection of mercuric chloride or 
phenylmercuric acetate. Mercury appeared 
to accumulate in the collecting tubules, the 
distal parts of the proximal convoluted 
tubules, and the wide parts of Henle’s loops. 
No mercury was found in the glomeruli. 
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Obituaries 


EDGAR LEIGH COLLIS, C.B.E., D.M., M.R.C.P. 
1870-1957 


Professor Collis died on Oct. 1 at Forres, Morayshire (Scotland). After his 
retirement as Professor of Preventive Medicine at the Welsh National School of 
Medicine, Cardiff, he and his wife moved to Lossiemouth, Morayshire, where he 
spent the remainder of his life. 

On this side of the ocean we knew him best for his contributions to industrial 
medicine and especially for pointing out the significance of free silica in the 
causation of silicosis. His Milroy Lectures (1915) are good reading today. At 
that time many were claiming that the sharpness and hardness of quartz was 
what initiated the fibrosis (of silicosis). Collis disagreed and long since has been 
proved right. 

When we started the Journal of Industrial Hygiene in 1919 as a cooperative 
venture with the British, Collis was the really important contributor from Britain. 
He spurred his colleagues to write and he led the way in sending abstracts—a 
job which he did unusually well and which he continued for us and for the 
Bulletin of Hygiene right up to his last illness. 

He sent me the photograph on the right (1935) which | told him | wanted 
for my collection. He remarked, very characteristically and humorously, “The 
smile’s a Giaconda one.” It isn’t; it is very typical and shows the pleasant person 
he was. The later snapshot was taken recently on his lawn at Lossiemouth. 

A very full obituary notice appeared in the British Medical Journal, page 886, 
Oct. 12, 1957. 
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News and Comment 


ANNOUNCEMENTS 


Air Pollution Curriculum University of California——Supplementing already existing 
courses, new additions to the curricula in Industrial Health and in Sanitary Engineering 
provide increased opportunity for training in air pollution research and control at the University 
of California, Berkeley. Graduate students may now work toward an advanced degree with 
this special emphasis in either the School of Public Health (M. P. H.; Dr. P. H.) or in the 
College of Engineering (M.-S.; Ph.D., or Professional). 


The expanded program is in response to increasing needs for study and control of the air 
environment in which man and most of his major works are totally immersed. 


Added courses include “Urban Meteorology,” which will stress the effects of climate, 
weather, and the city itself on atmospheric pollution dispersion or accumulation, and a lecture 
and seminar course in “Atmospheric Pollution Control,” stressing methods of suppressing the 
urban problem by engineering, chemical, or other means. These supplement a laboratory and 
lecture course, “Atmospheric Pollution,” which stresses effects, sources, important properties 
of major polluting materials and their source and area-wide monitoring. 

To increase availability of this curriculum, at least two of these courses will be given in 
a six-week summer session in 1958. To obtain graduate credit for that period or for the 
same courses during the regular academic sessions, persons qualified for and expecting to 
pursue graduate training in the University must be admitted to the Graduate Division. 


A range of other courses in sanitary engineering, public and industrial health, chemical 
engineering, mechanical engineering, city and regional planning, and allied fields may be used 
for implementing a complete program leading to the advanced degree. For further information 
on admission to the University and to the curriculum contact Dean C. E. Smith, Public Health, 


Dean M. P. O’Brien, Engineering, or Prof. B. D. Tebbens, University of California, Berkeley 4, 
Calif. 


University of Michigan Course on Light and Vision—The University of Michigan 
and the Illuminating Engineering Society will present a short course on Light and 
Vision at Ann Arbor on March 19, 20, and 21, 1958. The course is designed to serve 
industrial hygienists, public health personnel, school administrators, 
engineers, and others concerned with design or use of lighting facilities. 
Applications for enrollment should be addressed to the Continued Education Serv- 
ice, School of Public Health, 109 S. Observatory St., Ann Arbor, Mich. 
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are you interested in a low-fat 


quick and lasting energy breakfast? 


When a reduction of fat in the diet is indicated in 
the morning meal, the fat calories can be replaced 
by those of low-fat content yet providing well- 
balanced nourishment and quick and lasting energy 
throughout the morning hours. 

The Iowa Breakfast Blood Sugar Studies proved 


that a basic cereal and milk breakfast providing 
about 20 gm. mixed plant and animal protein 
(cereal and milk) provided quick and lasting energy 
throughout the early and late morning hours. As 
shown in the table below this morning meal is low 
in fat and provides well-balanced nourishment. 


basic cereal low-fat 
breakfast pattern 


Orange juice, fresh, % cup, 
Cereal, dry weight, 1 oz., 
with whole milk, 4% cup, and sugar, 1 tsp., 
Bread, white, 2 slices, with butter, 1 tsp., 
Milk, nonfat (skim), 1 cup, 
black coffee 


Nutritive value of 
basic cereal breakfast pattern 


ASCORBIC ACID. 65.5 mg. 
CHOLESTEROL... 32.9 mg. 


Note: To further reduce fat and cholesterol use skim milk on cereal 
which reduces Fat Total to 7.0 gm. and Cholesterol Total to 16.8 mg, 
Preserves or honey as spread further reduces Fat and Cholesterol. 


Bowes, A. deP., and Church, C. F.: Food Values of Portions Commonly Used. 8th ed. Philadelphia: A. deP. Bowes, 1956. 
Cereal Institute, Inc.: The Nutritional Contribution of Breakfast Cereals. Chicago: Cereal Institute, Inc., 1956. 

Hayes, O. B., and Rose, G. K.: Supplementary Food Composition Table. J. Am. Dietet. A. 33:26, 1957. 

Cereal Institute, Inc.: A Summary of the Iowa Breakfast Studies. Chicago: Cereal Institute, Inc., 1957. 


CEREAL INSTITUTE, INC. 135 South LaSalle Street, Chicago 3 


A research and educational endeavor devoted to the betterment of national nutrition 
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CALORIES....... 502 VITAMIN A...... 6001.U. 

PROTEIN......... 20.5gm. THIAMINE........ 0.46 mg. i 
FAT.............. 11.6gm. RIBOFLAVIN..... 0.80 mg. 
CARBOHYDRATE 80.7gm. NIACIN.......... 3.0 mg. 
CALCIUM........ 0.532 gm. 
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MEN AND 


clears 
stuffy 
heads 


A 


a leading 
decongestant — 
vasoconstrictor in a 
most convenient form — 
usually no sting... 
prolonged effect 


microspray tip 
unbreakable — no spill 


no fuss 


Neo-Synephrine relieves the discomfort of 
colds, hay fever and sinusitis promptly and 
safely without sting, drowsiness or tachycardia 
in virtually all patients. 


Neo-Synephrine is available also in 
%%, ¥2% and 1% solutions in bottles of 1 oz. with dropper. 
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(brand of and of benzalkonium, 
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